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INTRODUCTION 


This, manual deals with all engineer services, peculiar to the R.A.F., 
for which the Army is responsible in any theatre of operations abroad. 
Recent.. changes of practice which have resulted from experitmce in the 
.field, from co-ordination .of British and, American activities, and from 
research into new methods of construction have been included. 

Principles and practice are covered broadly. Reference shoukj^ be 
made to the following publications for amplification of special 
problems : — 

Military Engineering, Vol. V, Part I, “ Roads ''—1944. 

“Airfields," E.-in-C. India, Pamphlet No. 1, 1944. 

Avjatioii Engineers" — ^U.S.A. Technical M'aiinal — TM5~-~255, 
^April; 1944. • , 

" Field Manual. Militar^^ Airdromes U.S.A. Ser\ ices of Su))ph'. 

■ ■ S.W, Pacific— Juty,. 1943.* 

“ Aviation Engineer Notes." Air Engineer Headquarters, W’asli- 
ington, U.S.A. • 

“ Landing Ground Manual." Air Ministry, 1939. y 

Jteports of Road Research Laboratory, England, 1939-1946. 

“ Rapid Construction of Airfields and Roads by the Hertz berg 
Process." E.-in-C. India, Pamphlet No. 12, 1944. 

^Military Engineering, Vk)!. VII, Part IX — Expeditionary Force ^ 
Depots. 

Details of unit organization are given for the pur])ose of facilitating 
co-operation between British and American engineers in tlie field. 


GLOSSARY OF AIRFIELD TERMS 

• . 

The terms used by British and American engineers, in connection 
with airfield construction in different theatres, have not yet beep 
fully standardized. Even such fundamental terms as “ runway " and 
“ airfield " are used with diffeernt meanings. Definitions introducc<l 
in conflict with common usage have occasionally been confusing. 

The following glossary is based largely upon tcclmical reports in 
ciirrent official publications. 

Advanced landing grounds are those which are prepared in 
operations for a tactical air force with or without a landii^g mat. 

Aerodrome or Airdrome* — ^An all-weather airfield equipped with 
facilities for shelter, supply and maintenance of aircraft. The term is 
no longer authorized officially, but is still widely used in technical 
reports. “Airdrome" is frequently employed for “Airfield" in 
American publications. • 

Air base (USA). — An area commancLfor snnolv 
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Glossary of Airfield ’terms—continued. 


Mrcraft pen or revetment.— 

and splinters. Pens e ^ ^ ^ ^ „ ’(u.s.A.) is sometimes used 

i.voU .!.= - o. revetfing 

.■■'niaterials:. 


-A dispersal point protected from blast 
c <( -Timken and semi- 


Airfleld.~A general term to cover all types' of area developed for 

the accommodation, landing, and take-off of airciafu 


area of the approach funnel or zone. 


Approach funnel (American-approach 
e.xtending from the over-runs at each end of flight stnp^cleared m 
all flyiTig obstacles above a specified Jide an^le. 

“ flying gap ” is used. 


Apron.-A surfaced area for parking aircraft near hangars or control 
points. • 


neared Strip (American— -safety clearance zone).— -An area cleared 

of^ll ground obstructions above a specified 

flight strio to minimize accidents on operational Adds where tne 
provisfon of adequate width of graded and compacted shoulders is not 

possible. 


, I aT^a \n area selected for the parking of 

aircraft^at^dispersed hardstandings, surfaced or natural. Generally 
sewed by dispersal lanes or branch taxi-tracks from the mam taxi- 

track. # 


Dropping’zone.-An area in which parachute troops or supplies are 
dropped. • 


Fmerdenev landing strip— A marked rectangular area naturally 
suSle or made suitable for the landing of aircraft m exnergency 
ThLe are normally from 500-600 yards long by 50 yards wide. Name 
A naA •frnTTi “ Crash landing strip," which was often inappropriate. 
^lso\)rovided alongside mat runways to prevent damage to mat by 
landing of damaged aircraft. _ . 


FH0ht strip or flying strip (American— landing strip).— Includes 
thf m!a of ^ruLay o? landing lane, shoulders, and over-run. U sed 
to designate tjie area before and after runway or landing lane is stirfaced. 
In Indfa the term " arm ” is used, to designate this part of an airfield. 

Flightway. — A term commonly used to describe a flight s^rip together 
with the two approach funnels, f, ( , 


’Kanga^tte' (Ittdia).r-nglitly roofed hangars of not more than 70, 


Glossary 0 f Airfield Terms-^miUnuei. ., : 

, . ^LaiidMg .ground .---A marked and prepared landing area with 
dispersal .facilities,, but dvithont significant mstaliations :or acconxmo-. 
dation.' 

Landing run. — The distance travelled by an. aircraft in. contact with 
. the ground when landing. 

Landing zone. — ' naturally favourable, area ,iii which airiraft 
or gliders are landed in an airborne operation. 

Layback (India).— -A satellite in rear of an operational area for use 
upon withdrawal. 

Marshalling or assembly area. — A surfaced area for the assembi.y 
or warming up of aircraft, at each end of runway or landing lajte. 

• 

Over-run (American — clear zone or end zone).— An area graded and 
compacted in extension of the runway or landing lane and shoulders, 
to minimize risk of accideni; to*aircraft due to over-run or premature 
touch down. 

Refuelling and re- arming strip. — ^A marked rectangular landing 
area, hastily constructed in the forward area, for refuelling and re- 
arming during the critical phases of an ofiensive. 

Runway or landing lane. — ^A prepared rectangular ^strip, of per- 
manent or semi-permanent construction. The term ‘runway is com- 
monly used to designate an all-weather surface, and landing lane to 
designate a surface protected by a landing mat. 

Satellite or auxiliary airfield. — landing ground, 4E>f subsidiary 
or alternative use, dependent upon a neighbouring major airfield for 
administrative control. • 

Shoulder. — A graded and compacted area on either side of tl^^e 
runway or landing lane to minimize risk of accident to aircraft running 
ofi or landing off those areas. 

Staging post. — An airfield with refuelling and accommodation 
facilities (personnel and stores), for aircraft on established communica- 
tion routes. 

Take-off run.— The distance travelled by an aircraft in coiTtact 
with the ground before becoming airborne. 

Taxi-track or taxi-way (U.S.A.) .—A prepared natural or artificial 
track on v^ich aircraft can taxi or be- towed between runway and 
dispersal points. (Aircraft are said to taxi when moving along the ground 
under their own power.) 

. Turning circle,— A surfaced area at the*ends of a runway to facilitate 


ABBREVIATION » ■ . 

^Jlticeis i.iigaged upon engineer duties 'for the R.A.F., iiia,}' require 
to be familiar with a wide range of- administrative designations, special 
tr. the Serfice. The following list serves the dual purpose of recording 
correct Air Ihjrcx‘ designations- and'Their . standard' abbrevia^^^ 

The use of al'ibrcviations, other than the most familiar, is to be 
discouraged in inter-service reports and eoniniimications, especially 
wh^n British and American forces are working in close liaison. 

Inclusion in the list does not mean that an abbreviation is authorized 
for formal official use. Many are given to ensure correct interpretation 
by Engineer officers, when the abbreviations are used by Air Force 
personnel particularly concerned in the various activities covered. 


Airfields, aircraft and technical 


Advanced landing ground ... 


... A.L.G, 

Air sea rescue base ... ... ■ 

... 

... A.S.R.B. 

Aircraft ' A..- ... ■ 


... a/c 

Airfield , ■ ■ ... V ' ... ■ 


... Airfd. 

Air observathn post ... 


... AirO.P. 

All-weather (landing ground) 


... A.W. 

Anti-surface vessel ... ... 


... A.S.V. 

Base landing ground • • • 


... Bi.G. 

Bomber reconnaissance ... 


... B.R. 

Direction finding ... ... 


... D.F. 

Emergency landing strip ... 


... E.L.S. 

Fair weather (landing ground) 


... F.W. 

Fighter bomber ... 


... F.B. 

Fighter reconnaissance 


... F.R. 

Fuelling landing ground (old) 


... F.L.G. 

Fighter director post 


... F.D.P. 

General reconnaissance ... 


... gen. R. 

Ground control interception... 


... G.C.I. 

Group control centre 


... G.C.C. 

Hard standing ... ... ' 


... H.S. 

Heavy bomber 


... H.B. 

Banding zone (airborne operations) 


... L.Z. 

Landing ground 


... L.G. 

Light bomber 


... L.B. 

Light warning set 


... L.W.S. 

Long range fighter 


... L.R.R 

Mean point of impact 


... M.P.I. 

Medium bomber 


... M.B. 

Nigjit fighter 


... N.F. 

Operational landing ground 


... O.L.G. 

Radio teleplTony 


... R.T. 

Refuelling and rearming strip 


... R.R.S. 

Single engine fighter 


... S.E.F. 

Standard beam approach . .* 


... s.b.a! 

Strategical reconnaissance . . . 


... strat. R. 

Tajptical reconnaissance 


... tac. R. 

Torpedo bomber 


... T.B. 

Twin engine fighter ... . 


... T.E.F. 

Wind direction 


... W.D. 

.Wireless telegraphy 

... 

... W.T. 



, , iiiia Army imiis ana stations 


.Administrative staff 

Adm. 

...Advanced repair unit .... 

... A.R.r. 

Advanced aircraft depot ... v... 

... A.A.D. 

■Aeronautical inspection depot .. . 

... A.I.D.* 

Air ammunition park ... .. ' .... 

... A.A.P. 

Air Force reinforcing route control ■ 

... A.R.R.C. 

. Air formation signals 

... ■ A.F.S. 

Air despatch and reception unit 

... A.D.R.U. ^ 

Air Ministiy experimental station .... 

... A.M.E.S. 

Air Ministry works directorate .... ■ ■ ... 

... A.M.W.D. 

Air observation post, squadron. . . . .' . 

... A.O.P. Sqn. 

Air sea rescue se.rvi.ce ... ' 

... A.S.R.S. 

Air staff ... . ... ... 

... A.S. ■•■■■■ 

Air stores park . .... 

... A.S.P. 

Aircraft deliver}^^ unit ... 

... A.D.U. ^ 

Aircraft equipment depot ... ... 

... A.E.D. 

Aircraft erection unit . . . • 

... A.E.U. 

Aircraft repair section 

... A.R.S. 

Aircraft replacement pool ... « ... 

... A.R.P. 

Aircraft storage unit 

... A.S.U. 

Airfield construction group 

... Airfd. Constn Gp. 

Communication flight ... 

... comn. flt. 

Component repair section ... ... 

... C.R.S. 

Decoy and deception section ... 

... D. and D.S. 

Embarkation unit ... ... ... 

... E.U. 

Engine repair section ... 

... E.R.S. 

Equipment and storage unit 

... E. andS.ir. . 

Ferry control ... 

... fi’.C.* 

Flight 

... flt. 

Flying control station ... ... ... 

... F.C.S. 

Forward director post ... 

... F.D.P. 

General reconnaissance unit ... ... 

... G.R.IJ. 

Group ... ... ... ... ... 

gp- 

Group control centre ... 

... Gp.C.C. 

Instrument repair section ... ... 

... LR.S. 

Initial equipment ( 1 st line a /c strength) . . . 

... I.E. 

Immediate reserve (a/c immediately available) 

... I.R. 

Maintenance unit ... ... 

... M.U. 

Mechanical transport light repair unit 

... M.TX.R.U. 

. Metecfological establishments ... ... 

. . . met. 

Meteorological flight ... ... ... . . • 

... Met. fit. 

Mobile air reporting unit ... ... 

... M.A.R.U. 

Mobile field photographic section ... ... 

... M.F.P.S. 

Mobile operations room unit ... ... 

... M.O.R.U. • 

Mobile signals unit ... ... 

... M.S.U. 

Operational training unit 

... O.T.U. 

Organization branch (ground duties) 

... org. 

Photographic reconnaissance unit ... 

... P.R.U. 

Radio direction finding unit . . .• 

... R.D.F.U. 

Radio and Installation maintenance unit 

... R.I.M.U. 

Refuelling and rearming party 

... R. and R. Parly 

Repair and salvage unit ... . . . ^ . 

... R.S.U. 

* Sea rescue flight 

... S.R.F. 

Squadron ... ... 

... sqn. 

Strategical air force ... 

... S.A.F. 

Strategical recce, flight .. 

... strat. R. flt. 

C W -D 


i actical air lorce 
Torpedo bomber squadron 
Wing ■ ... 

:Wireless ol^sen^er, unit 
Wireless unit post 


wg; ■ ■ 
W.O.U." 
•W.U.Post. 


_ . ^ : . Admiralty 

Director aircraft and carrier requirements 
Fleqt Air Arm. . . ■ 

Mobile naval airfield unit (Royal Marines) * 


■D.A.C.R. 
FA. A. 
M.N.A.F. 


R.A.F. appointments and commands' 

t « 


Air chief marshal 
Air commodore 

Air marshal 

Air officer commanding 

Air officer I.C. administration 

Air liaison officer ... 

Air vice marshal ... ... **/ 

Anti-aircraft defence commander 
Chief airfield control officer 

Chief C)qDher officer 

Chief maintenance and supply officer 

Chief meteorological officer 

Chief radio officer 
Command armament officer 
Command defence officer 
Command navigation officer 
Command photographic officer 
Command signals officer 

Flight lieutenant 

Flying officer ... **’ 

Group captain ^ 

Principal mecfical officer 
Pilot officer 

Senior administration plans staff officer 
Senior air staff officer 
SefJiior equipment staff officer 
Senior intelligence staff officer 
Senior operations staff officer 
^ Senior organization and administration officer 
Senior organization officer . . , 

Senior personnel staff officer 
Senior repair and servicing officer 
Seniop training staff officer . . . 

Staff officer I.g. administration 

Squadron leader 

Wireless units liaison officer 
Wing commander 


AMERICAN- 

Coi^s of engineers 

Aviaf-ion engineers ... * .* ] 

Air Corps ... ... 

Service of Supply 
Table of Organization (W.E.’j 
Table of Equipment (G1098) 
Enlisted men (O.Rs.) ; 

Trt*2l1TlTT»<r /_ _ mi'll a*' *« 


A.C.M.,, 
A/Cdre. 
A.M. • 
A.O.C. 
A.O'.A. 
A.L.O. 
A.V.M. 
A.A.D.a 
C.A.C.O. 
C. Cy. O. 
C.M.S.O. 

C. Met. O. 
C.R.O. 
C.A.O. 
C.D.O. 

C. Nav. O. 
C. Ph. O. 

C.vS.O. 
F/Lt. 

F.O. 
G/Capt. 

p.m,g; 

P.O. 

S.A.P.S.O. 
S.A.S.O. 
S.E.S.O. 

5.1.5.0. 

5.0. 5.0. 

5.0. A.O. 

I, 

S.P.S'.0, 
S.R.S.O. 
S.T.S.O. 

5.0. A. 
S./Ldr. 
W.U.L.O. 
W./Cdrir 

-ariSCELLANEOUS 
C.E. 

Avn. Engrs* 
A.C. 

5.0. 5. 

T/O 
T/E 
E.M. 
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Volume V 

ROADS, AIRFIELDS, AND MECHANICAL 
EQUIPMENT 

PART II— AIRFIELDS 

CHAPTER i 

AIRFIELD STANDARDS 

Section 1. —GENERAL 

1 . Standardization of airfield layout and designs, for universal applica^ 
tioii, is not practicable or desirable. Standards are laid down by 
the appropriate Air Command to suit, tactically and technically, the 
area and situation concerned. , These standards may vary widely. 
For instance, landing lanes, « 1,200 by 30 yards, off- wind, have been 
accepted as minimum operational standards for day fighters during, 
one campaign, whilst 1,500 j^ard squares have been provided, 
coincidentally, during another, under favourable desert conditions. 
Standards will also be changed, from time to time, owing to the 
introduction of larger or faster aircraft types and to the varying measure 
of air superiority. 

It is nevertheless agreed that the utmost uniformity of practice 
should prevail and that divergencies from basic standards should be 
due to clearly expressed causes, and be approved by Commands. 

Demands in general have become gradually more exacting. Calls 
for maximum speed of work and transportation difficulties necessitate 
the closest econom}^ in layout and rnethods of constructioi)^ compatible 
with safety. 

2. Standard t3^es given or discussed below are for Engineer guidance, 
but will not necessarily apply to any particular theatre or operations. 
They may be used for reconnaissance purposes, failing the explicit 
instructions from Air Commands which generally precede or coincide 
with the start of work. 

Section 2.— DISTANCES APART OF AIRFIELDS 

Attempts to establish a standard minimum distance apart {e,g,, 
5 miles for T.A.F. airfields), to ensure safety in the air, have generally 
failed under operational conditions. Grouping is essential for adminis- 
trative efficiency, and is commonly governed by^^topogi^aphical con- 
ditions. The question is a difficult one, calling for the frequent attention 
of Air Commands. 

• ' I* 

Section 3.— RUNWAY OR STRIP DESIGNATION ^ . 

1. The simplest standard for runway designation is by numbers^ in 
order of construction, and therefore presumably of importance. No. 1 
.Runway will also commonly h6 termed -the “ MAIN 

2. In giving bearings, the quadrants from 180 degrees to 360 degrees 
should invariably be used, for reliability of record and communication. 




Plate 1,— BOMBF.K AIRFIELD, SOUTHERN PACIFIC— BITUMEN RUNWAY ON CORAL 

FORMATION 


1. Dimensions.-— Dimensions of mnway or landing lane^ for fighters, 
fighter bombers, and light bombers. 

Minimum ... ' .... ■ ... .... 1,200: x '30 yards 

Standard . ... . ...■ , ..... 1,500' x 50 ^ards 


Medium, and .heavy bombers.. 

Minimnm (prevalent wind and calm) 
(secondary — ) 

Standard (prevalent wind and calm) 
(secondary— ) 

Very heavy bombers. 


1,750. X 50 yards ■ 
1,500 X 50 yards. 
2,000. X 50 yards 
.1,750 X 50 yards 

Appendix XIII 


2. ^ Number of runways .or landing, lanes.— Although governed 
by local meteorological factors and facilities for construction, opera- 
tional standards have been 

Light aircraft — Two strips, divergently orientated to suit 
prevalent and heavy cross-winds. 

Heavy aircraft — One. ,If two, either divergent or parallel. 


For paved airfields in an active operational area, under semi-static 
conditions, the standard is two divergent strips best suiting the 
windrose, orientated without the assumption of a third strip being- 
added subsequently. 

The standard rule is that no urgent caU for an additional runway 
exists, if cross-winds, of considerable frequency, have not a component, 
normal to any runway provided, in excess of 10 miles per hour. 

For a diagrammatic layout of an airfield with one runway or landing 
lane, see Plate 2. 


3. Shoulders and graded areas. — 75 yards wide* oil each side of 
the runway or landing lane. Fit for crash or emergency landing, or 
rim off. This makes a total width of 200 yards. 

Shoulders and graded areas are reduced to 25 yards in certain 
circumstances, such as in operational emergency, or in difficult terrain 
or where open side drains are adopted. 


4. Overrun, — 200 yards long, at each end of strip or runw^ay, fit for 
taxi-ing or premature touchdown. 


5. Flying approaches. — ^Approach funnel or zone to be a trapezoidal 
area extending 2 miles from the 200-yard wide end of the strip, with a 
splay of 15 degrees laterally on each side. The w'idth at 2 miles is thus 
appro:*imately 2,000 yards. 

Within this approach zone no obstacles are permitted which rise 
above a glide angle of 1 in 50, with a maximum of 1 in 30 in emergency. 
(Absolute maximum, U.S.A., 1 in 20.) 

For night-fighter and night-bomber airfields, the range of clearance 
is extended to 3 miles minimum, with 5 miles as the most desirable 
standard. 

6. Turning circle. — Standard diameter, 100 yards. 

7. Increased length for altitude dr hot climates. — Owing to 
variation in the performances of aircraft types, firm, standards cannot 
be laid down. 

A minimum increase of 7| per cent, in length of run per thousand feet 
•of altitude is commonly accepted for any change in atmospheric density, 
due to temperature or barometric pressure. Apart from altitude, 
increase of length is not demanded normally in the tropics as compared 
with standards elsewhere. • 




•BITUMEN RUNWAY ON 








6. Turning circle. — Standard diameter, 100 yards. 

7. Increased length for altitucje or hot climates. — Owing to 
variation in the performances of aircraft types, firm standards cannot 
be laid down. 

A minimum increase of 7 1 per cent, in length of run per thousand feet 
of altitude is commonly accepted for any change in atmospheric density, 
due to temperature or barometric pressure. Apart from altitude, 
increase of length is not demanded normally in the tropics as compared 
with standards elsewhere. ♦ 


1. Dimensions.— Dimensions of runway or landing lane for fighters, 
fighter bombers, and light bombers. ■ 

, .MinimuiTi .... ...... .. .... ■. ..v 1,200 x. 30 yards 

. ..standard . .. ...... ... .. ..... 1,500 x..,' 50 yards 

'. . Medium, and heavy bombers. 

Minimum (prevalent wind and calm) 1,750 xv 50 yards 
(secondary— ) 1,500 x 50 vards 

Standard (prevalent wind and calm) 2,000 x 50 yards 
. .(secondaiyr — ' .jy 1,750 x. 50 yards 

. .. .Very heavy bombers. . . 5^^ Appendix XIII 

2. Number of runways or landing lanes. — ^Although governed 
by local meteorological factors and facilities for construction, opera- 
tional standards have been: — 

Light aircraft — ^Two strips, divergently orientated to suit 
prevalent and heavy cross-winds, ** 
Heavy aircraft — One. ,If two, either divergent or parallel. 


For paved airfields in an active operational area, under semi-static 
conditions, the standard is two divergent strips best suiting the 
windrose, orientated without the assumption of a third strip being 
added subsequently. 

The standard rule is that no urgent call for an additional runway 
exists, if cross-winds, of considerable frequency, have not a component, 
normal to any runway provided, in excess of 10 miles per hour. 

For a diagrammatic layout of an airfield with one runway or landing 
lane, see Plate 2. 


3. Shoulders and graded areas. — 75 yards wide*orT each side of 
the runway or landing lane. Fit for crash or emergency landing, or 
runoff. This makes a total width of 200 yards. 

Shoulders and graded areas are reduced to 25 yards in certain 
circumstances, such as in operational emergency, or in difficult terrain 
or where open side drains ax‘e adopted. 


4. Overrun. — 200 yards long, at each end of strip or runway, fit for 
taxi-ing or premature touchdown. 


5. Flying approaches. — ^Approach funnel or zone to be a trapezoid?iI 
area extending 2 miles from the 200-yard wide end of the strip, with a 
splay of 15 degrees laterally on each side. The width at 2 miles is thus 
apprommately 2,000 yards. 

Within this approach zone no obstacles are permitted which rise 
above a glide angle of 1 in 50, with a maximum of 1 in 30 in emergency. 
(Absolute maximum, U.S.A., 1 in 20.) 

For night-fighter and night-bomber airfields, the range of clea]i;;^nce 
is extended to 3 miles minimum, with 5 miles as the most desirable 
standard. 






iv ormm 
1 :60,. 
1 : 80 


1 :40 
1 :40 


Maxmitim transverse grades ■ 

■ Maximum iongitiidinal grades 

9. Ctiauges of grade (Runway, landing lane or fligKt strip).— 
Rate of change of longitudinal gradient should not exceed 0*5 per .cent, 
per 100 feet, which means that changes of grade should be made with 
vertical curves of 20,000 feet radius. No vertical curv^es should be 
less than 300 feet in length. It is desirable that there slioulcij be 
300 ^rards of straight gradient between adjacent tangent points of 
succeeding curves, although in operational areas 300 feet of straight 
gradient has been accepted. The ideal is that from a height of 10 feet 
above the runway, at any point, the whole of the surface should be 
in sight. 

U . S. A, » standards are “ Grade changes should not exceed of 1 per 
cent., preferably J of 1 per cent., in any 100 feet. Longitudinal 
intersecting grades should be joined by a vertical curve at least SDO feet 
in length. Tangent interval between curves should not be less than 
1,000 feet.’^ 

A rough empirical standard foi; minor surface undulations, commonly 
adopted for rapid determina4:ion, is that the surface should be taken 
by a car at 40 m.p.h. without discomfort to a passenger in the rear 
seat. 

10. Soft Ground. — Standards are difficult to lay down. The 
softness and braking ehect of soft ground can only be determined by 
use, or by pilots taxi-ing the aircraft concerned over the doubtful 
surfaces. 

Good guidance can be obtained by declutching a Iqad^d vehicle at 
25 m.p.h. and measuring the free-run, against standards established 
elsewhere upon similar soils known to be barely firm enough for service. 
On sandy ground, for example, this run, with a desert-tyred “ Utility 
should exceed 80 yards. 


Section 5.- 
1. Standard widths : 


Fighters 

Bombers 


For specific aircraft. 


-TAXI-TRACKS 

Surf aced Verge or Total 
Area Shoulder Clearance 
... 35 ft. 10 ft. 100 ft. ^ 

... 50 ft, 10 ft. 180 ft. 

track width should be twice wheel-span with a 
clearedfarea on each side, equal to half wing-span. 

2. Taxi-tracks should be as straight as possible, or in short straight 
sections joined by curves. Connecting horizontal curves to be of 
a radius of 125 feet minimum. No reverse curves. 

3. Longitudinal grade, maximum — 1 : 33 normal, 1 : 25 accepted. 

Tranwerse grade, maximum — 1:40. 

Changes of grade, minimum radius — ^2,000 feet. 

4. Visibility should be such that fron^ a height of 10 feet at any 
point on the taxi-track, the surface for at least 200 yards is m sight. 

For layout of taxi-tracks and standings upon an airfield with dispersed 
runways, see Plates 3 and 4* ^ 

5. Upon transition of airfields from operational functions to base 
or staging service, modifications in taxi-track and hardstanding 
provision may have to be carried out to afford speedier access to and 
from runways. Additional run-ofi tracks are spaced along the runway 
at points where the aircraft served are most likely to end their run, 

tracks are normally about 500 yards apart. See Plate 5. 
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Plate 5.— TYPICAL LAYOUT OF TAXI-TRACKS AND HARDSTANDINGS UPON AN AIRFIELD WITH 

DISPERSED RUNWAYS 







1. Dispersal layout is particularly difficult to standardize and 
will inevitably be subject to firm local decisions. 


2. In certain operational areas standards have been established 
as follows : — 


Circle diameter Distance apart of centres^ 
or side of square 

40 ft. Twin hardstanding — 150 yds. 


Aircraft 


Fighters and 
Light Bombers 


Twin hardstanding — 150 yds, 


Medium Bombers 


Heavy Bombers 


Methods of connecting these standings with taxi-tracks, where 
long dispersal lanes are unnecessary or impracticable, are shown in 
Plate 6. 


150 YAP.DS 


HAO-DSTANDINC TO 
ACCOMMOD ATE. 

I WEIAVY bOMffiEQ. 


Plate 6.— TYPICAL HARDSTANDING LAYOUT 


Dispersal lanes should join hardstaiyiings on right-hand side to 
allow aircraft to turn in left. • 

3 Surfacing of hardstandings should be to an oil and petrol resisting 
specification, but this demand need not apply to operational con- 
struction in the first instance. Wliere it has been necessary to 
construct hardstandings of sand asphalt or bitumen grouted- stone. 
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ail effective means of protection from oil and petrol is the application 
of: a cement, wash, in two coats. . 


4. For base or staging airfields, conflicting demands for economy 
of materials and for efficiency of service give rise to frequent problems. 
Paving requirements may be very heav^^ even where manoeuvring 
of aircraft with tractor tow is practicable. Wing spans range up to 
125 feet, and liberal standards in design are essential to minimize ri.sks 
of collision. Turning of aircraft causes heavy tyre wear and abrasion 
of most types of paved surface. 

5. Paved or surfaced areas involved, in different systems, including 
taxi-track or dispersal lane serving the hardstanding, are roughly as 
follows : — 

[a] Hardstanding added as an apron on one side of track-area 
per parked heavy aircraft, 5,000 square yards. [See Plate 7.) 


;30Fr clear 


JOFT. MAX WING OVEftHANG 


MARKED UN' 


ilRCULATlON T.T. 


Plate 7,--HARDSTANDING ADDED AS APRON ON 
. , ONE SIDE OF TAXI-TRACK 


{h) Aprons on opposite sides of track, with greater risk of collision, 
especially at night, 4,500 square yards. 


Ladder type of parking area, favoured upon many German 
airfields. Give complete ^in-and-out circulation and ensure 
good parking discipline, but liable to be more dusty, or 
more adversely affected by soft external ground, than {a) 
and {h ) — Surfaced area per aircraft, 3,400 square yards. 
{See Plate 8.) " . 


Cl.EAR.ANCE 


cmcULATiON 
OF^ON TO 

standing. 


0 standing o 


lOOFTI?; 


Plate 8.— HARDSTANDING “LADDER” TYPE 


II 





Section 7,-^AIR€EAFT PENS 

, Pens may /'be. double or..single. If double they sbould open in 
different directions. Distance apart, 150 yards. ■ * 

Standard dimensions 


, Type, of Aircraft 

Width 

feet 

Length 

feet 

; Height 
fe,et 

Single-engine fighters (2), twin-enginp 
fighters ( 1 ) , or light bomber ( 1 ) 1 

90 1 

60 

T0--42. 

Medium bomber I 

104 

85 

12--14 

Heavy bomber 

130 

85 

, 14-— 16,' 


Covered fighter pens 14 feet Ixigb. 

No three pens (centres) to fall within a straight path, 40 yards wide, 
500 yards long. 

Underground fighter pens: ramp 1 in 15; semi-sunken bomber 
pens: linSO. , * 


2. Standard practice is to park aircraft in pens nose first, except 
fighters at readiness, or in safe areas, where pens are l:)eing used as 
maintenance shelters. 


Section 8.— AIRFIELD MARKINGS * 

1. Greater conspicuousness has been demanded in recent operations, 
by Air Formations, in the marking of runways and strips. Materials 
used depend on resources, but in ail cases markings should be painted 
or selected to contrast with local ground colouring. The efficiency 
of markings is normally tested from a height of 3,000/4,000 feet. 

2. Numbers or names of airfields should be placed at the N.E. corner 
of the surfaced area. Figures or letters should be 20 feet long. 

End corner markings or beacons should be high enough to be con- 
spicuous to the pilot during the run, upon landing or taking off. Arms 
of corner markings should be 40 feet long by 4 feet wide. 

Intermediate markings should be 30 feet by 3 feet, flush with the 
ground, 200 yards apart. Types used must not be or appear to be 
obstructions. 

3. Markings for taxi-tracks and dispersal areas, though not commonly 
standardized, are important in many circumstances. 

4. A cro^s with 20-foot arms, 3 feet wide, to be used for marking bad 
patches and dangerous ground. The perimeter to be marked with 
yellow flags in daytime and shielded red lights at night. 

Wliere the run-ovet of a strip is particularly dangerous, it should 
• be indicated by red and white markings, conspicuous from air and 
ground. 
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Contact area per 
wheel sq, ins. , 
(approx.) 


Tyre , 
Pressure 


Wheel 

Load 

lb. 


Gross 

Weight 

lb. 


Heavy bomber 60,000 

Medium bomber 30,000 ] 

Fighter 14,000 ^ 

Wheel load is taken at half gross w< 


Section 10.— PETROL STORAGE 

In operational areas, before provision of tank sto 
tins of petrol may be held in dispersed dumps on the 
per squadron : — ' • 

Fighter squadron 

Light bomber squadron ... 

Medium bomber 

Heavy bomber 


Section 11 .-- -CAMP SITES 

Minimum stafidards commonly accepted by a tactical air force are ; — 

Squadrons : 1 k.m. from landing strips or dispersal area. 

Wings 2 k.m. from landing strips or dispersal area. 

Camps should not be sited uf)-wind or down-wind of the main 
(prevalent \<'ind) landing strip. 

Section 12.— ulSflTS OF WORK 

. In all work and reports upon airfields, linear, square or cubic 
measurements will be given in Imperial units. Major dimensions are 
commonly expressed in yards by British units aUd in feet by American. 

Metric system may be employed for geographical distances jji, view 
of the general use of kilo, road measurements abroad. 


Section 13.— SOUTH PACIFIC STANDARDS 

1 „ The requirements specified below have interest in their special 
application to conditions in the Southern Pacific, Certain engineering 
details, not customarily included in airfields standards, are covered 
in these instructions. 

2. Runway dimensions • * 


Length Width Shoulders 


4,000 ft. 150 ft. 50—75 ft. 

5,800 ft. : 150 ft. 50— 75 ft. 

6,500 ft. 150 ft. 50— 75 ft 


[edium bomber i 
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; 3. Clearance,— Minimum/ widtli: for 'early operations, 300 feet, 
widened subsequently to 500 'feet for ail fields. . No grading outside 
the, sboulders, is involved ^ . 

4; Marslialling . areas. — -Warm-up or marshalling areae, at each 
,e'nd, '500 feet hy 200 ieet, . 

, 5. Gradients, — Runway and shoulders at -1*5 per cent, both ■ways- 
from centre line of runway, down to ,an open drain, 6 feet v^ddC' and 
3 feet deep along each side. The apex or crown along the centre line 
should be rounded off to approximately 50 feet radius curve. 

Maximum longitudinal gradient T5 per cent, with vertical curves at 
all changes of grade. 

6. Approaches. — ^The approach zone to be a trapezoidal area stretch- 

ing from the end of the full runway clearance for a distance of two miles 
on fighter airfields, and three miles for bomber airfields. Sides of zone 
spayed outwards at 10 degrees. All trees and obstructions to be 
removed within vertical angle of 1 in 40 for fighter, and 1 in 50 for 
bomber fields. ^ 

All tree stumps to be removed for a distance of 500 feet from the 
ends of the runway. 

7. Taxi-tracks. — ^Taxi-tracks should be straight lengths connected 

by easy curves, # 

Widths 


Aircraft 


Surfaced 


Graded f 


Cleared 


Fighters 

Bombers 


90 ft. 
175 ft. 


Gradients and alignment : — 

Minimum 2 per cent, from centre line, both ways, to open ditches 
6 feet wide by 2 feet deep. Crown of track graded to approximately 
50 feet curve. 

Maximum grade along taxi-track, 3 per cent. 


8. Hardstandings 
Fighter 
Bomber 


100 ft. wide {40 ft. surfaced) 
175 ft. wide (60 ft. surfaced) 


Distances apart of standings : Fighter 300 feet or 125 feet if con- 
structed as pens. Bomber 400 feet. 

9. Pens • 


Aircraft 


Entrance 

width 


Depth 


Height 


Fighters 

Bombers 




: ' 10. Perimeter tracks*~Width 20 feet, 

;11. Surfaciiag.— Specifications ai*e generally given in thickness of 
coral. 

For runway surfacing and marshalling areas : Fighters S-inch coral, 
medium bombers 12-ins. and heavy bombers 18-ins. minimum thickness. 
For base course, under pierced steel planking, 8 to 12 inches of coral or 
gravel. 

Taxi-tracks: 8-ins. minimum thickness, coral surface. 

Hardstandings : Fighters, 8-ins. thickness ; bombers, 10-ins. thickness. 

Perimeter tracks : 8-ins, thickness. 

SECfiON 14.--TROOP-GARRIER LANDING GROUNDS 
(SOUTHERN PACIFIC) 

1. Standards for initial troop-carrier landings 

(Transport planes) 

Minimum Desirable 

Run-way lengths 2,700 ft. 4,000 ft. 

Strip (width) ... ... 90ft. 200 ft. 

Clearance (width) 150 ft. 350 ft. 

In the cleared carea, beyond the sides of the strip, all trees, stumps, 
logs and rocks should be removed, but the grass need not be cut below 
a height of 3i inches. 

Approach zone, glide angle assumed, maximum 1 : 30, normal 1 in 40. 

2. Gradients. — Strip cross-fall 3 per cent. The former standard of 
2 per cent, is considered inadequate in tropical areas of high rainfall, 
unless ground very absorbent. 

Longitudinal grading — normal maximum 3 per cent. 

Rolling grades permitted provided : — 

{a) Lengths of tangents not less than 1,000 feet. 

(6) Slopes not greater than 3 per cent. 

{c} Vertical curves between tangents not less than 200 feet. Change 
of grade not more than 1 per cent, per 100 feet of curve. 

{d) Visibility is unobstructed from any point 10 feet above surface 
to any other point 10 feet above surface. • 

■#«... ' ' 

3. Layout. — ^Two or more strips to provide for necessary landings 
and one spare for maintenance, \%ether three are required depends on 
density of landings, durability of strips and time a^'ailable for their 
maintenance. 

Drainage channels at edges of cleared area with side slopes of 1 : 15. 
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Section 16.~FACT0RS GOVERNING THE ENGINEERING 
PROPERTIES OF SOILS 

1. The main factors are 
{a) Soil type. 

ip) Moisture content. • * 

(c) State of compaction. 

In addition, there are important subsidiary factors, as a rule closely 
associated with the above, e.g., the drainage characteristics of the soil. 
All these factors can vary independently of each other, A wide range 
of soil conditions is thus possible. Diversity of climate and rainfall 
imposes additional complexity. . 


CHAPTER 2 

SOIL TYPES AND PROPERTIES 


■ Section 15. — GENERAL 

1. Experience in judging the behaviour of common types of soil, 
under varying climatic conditions, is required by engineer officers on 
reconnaissance and construction. It enables them to decide quickly 
upon the suitability of a site and upon the most effective measures to be 
taken, for alleviation of dust, for paving and drainage. Close visual 
examination of an area, backed by a few field tests, will be commonly 
sufficient for the initial task. 

2. In the subsequent laying out of permanent work, the engineer 
should possess a knowledge of : — 

(a) Classification of soil types so that accumulated and recorded 

experience from other sources can be readily applied ; 

(b) the principles governing the effects of soil type on engineering 

methods and behaviour in aiifi.eld service. 

3. An airfield for heavy duty is a concentrated task of such great 
magnitude that minor modifications of design may result in big 
economies in time and materials. Soil and climate are the primary 
factors upon which designs are based. 

4. Soil t3p>es and properties are dealt with under the following 
heads : c 

{a) Factors governing the engineering properties of soils, 

{b) How soil types affect surfacing requirements. 

(^;) Classification of soils. 

[d) Soil types and their identification in the field. 

[e] Laboratory tests on soils. 

(/) Practical interpretation of data. 

Soil surveys are dealt with in Chapter 5, covering airfield surveys in 
general. 



Soil is composed of mineral particles'-.6f ■ varying size from gravel 
or shingle on tlie one hand .to, plastic clay on the other. The classifica- 
tion of soil ,t 3 ^e is based mainly on .grain-size. ]\‘IineraI composition 
of a clay may also be .important., . , ' 

^ Coa,.rs,e-gramed . soils are non-cohesive in the d'ly^ state, whilst the 
hiier grained soils are cohesive. This constitutes a major division. 

Fibrous organic soils, such as peat, form a special group. 

3. The moisture content of the soil is chiefly important in cohesive 
soils, since the strength of a given soil varies more or less inversely as 
its raoisture content. On the other hand the stability of non- 
cohesive soils is much less affected by the moisture content. 

4. The state of compaction of the soil is important from several 
points of view. Loosely compacted soil settles easil\^ when a load 
i 5 imposed — it possesses less inherent stability. Further, the higher 
percentage of v-oids enables the soil to absorb more water than one more 
densely compacted, and hence to soften more readily. 


Section 17.— HOW SOIL TYPES AFFECT SURFACING 
REQUIREMENTS 

1. If a cohesive soil can be kept air-dry and not allowed to absorb 
water, its stability is maintained indefinitely. The use of bitumenized 
hessian or a thin laA’er of sand-bitumen mix is an application of this 
principle. 

^ Failure will be experienced, if a cohesive soil is damp and soft at the 
time of construction ; or if it is found impossible over a long period 
of time to prevent entry of moisture through damaged _ surfacing, or 
through cracks in paved areas. Water then accumulates and softens 
the soil. 

^ , To provide against the weakening of sub-grade with paving specifica- 

tions, it is necessary to adopt heavy construction to distribute the loads 
sufficiently to prevent deformation under traffic. 

‘2. Since non-cohesive soils do not soften in the same way, and also 
drain freely, tUey require considerably less thickness of base than run- 
ways on cohesive soils, which may be expected to soften with time, even 
though initially hard. Design charts used in permanent runway 
design thus call for much more substantial construction for flexible 
pavements on cohesive soils than on non-cohesive soils. For concrete 
pavements, gi'eater thickness is demanded on heavy clay sub-grades. 

3. The type of soil is thus an essential element in design. Whether 
a given site, in its observed state, ^ wifi carry traffic is a question 
that, as a rule, can be determined easily. It is also possible to 
deduce the type of construction that will carry traffic indefinitely for 
conditions or unlimited use. But the important problem of cutting 
• down standards for short service, commonly essential under war 
conditions, is one of greater complexity. 



Symbol 


Nature 


Well graded, fairly clean. 


Gravel and gravelly 


Well graded, clay binder 
Poorly graded, fairly clean 
Excess of fines 
Well graded, fairly clean 
Well graded, clay binder 
poorly graded, fairly clean 

Excess of fines ^ _ 

Low compressibility, buts, 


Sands and sandy 


Silts, very fin< 
sands, rock flour 


Fine grained 


Clays (inorganic) 


Clays (organic) 


Peat and other Very hign cornpresbiumu;^. - ^ 

1 highly organic^ 

1 swamp -soils. 1 . 

This primary scheme will be amplified in subsequent sertions. 

will not be used in engineer messages or reports excep y 

pre-arrangement. 

SECTION 19.-SOIL TYPES AND THEIR IDENTIFICATION 
IN THE FIELD 

the less important constituent or some simple physical character 

call for special names because of their wide ^tton 

or of their importance in certam regions (gumbo, hog^i , 

” is also a useful term, often appearing in reports from 
XT A and Mediterranean regions, meaning decomposed limestone 
■ dav^ " Hardpan ” is a common name for a sohcf 

Sr Xfh has become compacted and hardened by pressure or some 
other natural process of cementation. 


Fibrous 

(organic) 


19 


2. Features of tiic above primary constituents are as follows : 

(rt) Gmt;^/.-~-Diameter of particles,- 20-mm/ to 2-mm. Classi^ed 
^ according to size and' uniformity as' coarse, naedmm, or line , 

well or evenly graded, angular, flat or rounded. ^ ^ 

Deposits of gravel commonly contain a consi^erawe per- 

,/ centage of sand and even silt or clay . 

(5) Sa«J.-~-Particle sizes are classified' as coarse, 2-0-mm. to 0*2-mm. 

' and fine, . 0 - 2 -mm. to. 0'02-mm. Coarse sand may be ^com- 
pared in sizing with sugar, from granulated to castor varieties. 
Fine sand is about the size of table salt down to a ye:^ fine 
grain still perceptibly gritty, before passing into silt . 

(c^ Silr(“ Rock Flour 0‘02-mm. to 0-002-nim. This inorganic 
type of silt, sometimes mistaken for clay, is rarely found 
alone but is a common constituent of mixed class^cationb\ 
such* as sandy silt or silt clay. Silt lacks plasticity and 
possesses little or no cohesion when dry. 

For identification in the field, three tests can be employed. 

(i) “ Shaking test.“ Prepare a pat of wet soil, adding 

water if necessary. Shake horizontally in the palm 
of the hand. With typical silt, water will come to the 
’ surface of the sample, wvhich then appears glossy and 
soft. By squeezing, water disappears from the surface as 
though* dried up, and the sample stiffens and finally 
cracks or crumbles. 

(ii) " Breaking test.” Allow sample to dry and test its 

cohesion and “ feel ” by breaking up wth the fingers. 
Little or no cohesion is shown and* the lack ot any 
^ perceptible grittiness distinguishes the soil from a 

fine sand. 

(iii) " Powder test.” If. on rubbing the dry soil between 

the finger and thumb, a fine powder is left on the 
“ finger prints *' of the hand, there is a considerable 
quantity of silt in the soil. 

(,/) Ci«y. -Particles less than -002-111^. Clay consiste of the 
range from silt down to a colloidal particle, so fine as to 

remain suspended in water indefinitely. 

All clays display, between certain moisture contents, 
the physical property known as plasticity. Depending on 
' the delee of plasticity and contents of coarser gram sizes, 
one can distinguish between sandy cla^, silt clays, clay» 

compaction, shrinkage and expansiyn. , 

By remoulding a piece of clay and adding water ^ requ^d, 
it wUl be transformed into a plastic mass which can be kneaded 
like dough. Hardness of a dried sample can be naeasured by 
intensity of finger pressure required to break up the sample. 
It may be easy to determine clay positively by this 
but ex^nce is needed to ascert^ the degree of pl^tKity 
The consistence of a clay in situ is independent of the above 
characteristics. Its hardness, i.e., the ease with which it 
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n addition, mixtures of two- constituents will be commonly 
found, such as sand-gravel, silty clay or silty sand, which 
would call for specific reference in reconnaissance reports. 


(e) Pear and other orgafiic soils 

(i) Peat composed largely of partly decomposed vegetation 
can generally be identified with, ease. The organic 
matter is relatively coarse and fibrous. 

^ (ii) Other organic soils, which may be classified under 
the silts and clays, comprise fine-grained plastic and 
non-plastic mineral sediments, with varying proportions 
of finely divided vegetable matter. In organic silts 
and clays, organic matter is usually so finely divided 
that it cannot be detected by visual means. Some- 
times there is a characteristic odour which can be 
intensified by drying a small sample until the surface 
appears dr^^ 

(iii) Organic soils almost iiwariably make unsatisfactory 
sub-grades, owing to high compressibility and low 
shear strength. * 


Section 20.--COMBINED SOIL TYPES 


1. The various soil constituents are found in the field in a great 
variety of combinations, presenting an intricate range of form and 
engineering properties. 


2. An important group is covered by the general term "loam'' 
which refers tft spils consisting of a mixture of the sand, silt and clay 
grades in vaiying but approximately equal amounts. The term is 
valuable for use during reconnaissance to designate a soil found to 
contain ail three constituents, in proportions indeterminable with the 
means available. . • 


( 6 ) 


(a) Sandy^loam . — Contains much sand, with sufficient silt and 
clay to make it fairly coherent. The individual sand grains 
can be readily seen and lelt. Squeezed -when dry, the soil 
forms a cast which breaks readily ; when moist, the cast 
^formed by squeezing can be handled, carefully, without 
breaking. 

Silt loam . — Over half silt, contains a moderate amount of fine 
sand and a small amount of clay. When dry, the soikniay 
appear quite " cloddy ", but lumps can be easily broken. 
..When pulverized, the soil feels soft and floury. Either dry 
or moist, the soil will form casts which can be handled freely 
without breaking. If squeezed between thumb' and finger, 
it will show a broken texture without forming ribbons. 

Clay loam. — A fine-textured soil which breaks into clods and 
lumps, which ^re hard when dry. When a moist sample is 
pinched between thumb and finger, it forms a thin ribbon, 
which breaks readily,* barely sustaining its own wefght. The 
soil is plastic and readily forms a cast, which bears much 
handling. When kneaded in the hand, it does not crumble, 
but tends to work into a heavy compact mass.^ 


can be excavate, ranges from hard to very soft. Dry clays 
are always hard and require the use of a pick for excavating. 
■Some wet clays are soft and can be excavated with a shovel, 
but some are so compact that they still need spades or picks. 



3. Field tests. — ^Witli experience the main characteristics of many 
soils in a wet state can be distingmshed ■ by' their “ feel 

Identification of small quantities of silty or ■clayey material can be 
made by rubbing moist soil against the; palm; of the hand and then 
wiping off all grains of visible size. ^ Examination of a|iy material 
adhering to the hand;, permits, 'mtli a ■little, experience, classiffcation 
of the finest fraction.; 

A mixed soil can also be roughly ■ classified- in 'the field as follows : — 

Reduce a dry sample to .its' finest state... Take a piece of rough 
paper, such.,' as blotting paper, .about the .-size of two foolscap sheets,, . 
and lay, it on a slightly inclined board (about J- inch, in 1 foot). Leave 
i inch of the paper above the top edge of board. Pour a teaspoonful 
of the .sam.pie evenly across the paper. Grip the top of the- paper, 
between finger and thumb,, and gently jerk -the- '.sand,, by tapp.i.ng the 
top of the board, gradually down the slope. The sand will grMe itself 
out and a rough estimate of particle sizes a.iid percentages- can be 
obtained." ' ■ ; 

,. .. It is essential to gain experience of all field methods by practising 
upon various soils of known characteristics. 

Section .2L~.LABOKATORY TESTS ON SOILS ' 

1 . Laboratory work on soils of most practical importance comprises : 

[a) Identification tests 

(i) Mechanical analysis. 

(ii) Liquid and plastic limit tests (with moisture content 

determination). 

(b) Tests of specific properties 

(i) Compaction properties. * * 

(ii) Moisture content. 

(hi) Bearing capacity. 

2. The following notes are based largely on the reports of the Road 
Research Laboratory, England, and the Manuals of the»U.S. Aviation 
Engineers. 

■{a) Mechanical analysis. — ^The •mechanical analysis of a soil gives 
its grain-size distribution. The size distribution of the 
coarse particles is determined by sieve analysis, but the size 
distribution of the finer^ particles has to be based on their 
rate of settlement in water. This requires laboratory equip- 

^ ment, although wfith sandy soil rough indications can be 
obtained by sedimentation in a jar. 

The mechanical analysis of the , coarse material may be 
of considerable importance, notably in stabilized gravels. 

(6) Index tests. — ^The index tests (liquid and plastic limit tests) 
provide a means of identifying cohesive soils and are based 
on the fact that the finer grained, soils require considerably 
higher moisture content to produce equal softening. {See 
^.ppendix IV.) 

(i) The liquid limit is defined as that moisture content at 
which the soil will just begin to flow when jarred a 
specified number of times on standard apparatus. At 
the liquid limit, the bearing capacity of the soil is 
practically zero* Liquid limit in conjunction with 
plastic limit, is ot value in the identification and 
classification of fine grained soils. 

3-22479 
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(ii) The plastic limit is defined as the lowest moisture col tent, 
expressed as a percentage of the dry weight, at which 
a soil can be rolled into threads of l-'inch diameter 
without crumbling. It is the moisture content at 
which cohesive soils pass from a semi-solid to the 
plastic state. If the natural moisture content of a soil 
is less than the plastic limit, the soil possesses relatively 
high stability. 

,, (iii) Plasticity index is defined as the numerical difference 
bet^^^een liquid and plastic limit. A cohesive soil with 
a low plasticity index has better stability than one 
with a high value. 

{c) Compaction is the process by which soil grains are constrained 
to pack more closely together, thereby decreasing the void 
space, and increasing density and resistance to deformation 
of the soil mass. In the laboratoiy compaction test, a 
definite amount of ramming^ is applied to simulate field 
practice. 

The density to which a soil can be compacted, with a given 
compaction effort, depends upt)n the moisture content. For 
all soils, a moisture content exists at which a given amount 
of compaction will produce the highest density. The moisture 
content at which this density is obtained is termed “ optimum 
moisture which decreases with an increase of compaction 
effort. 

The practical interpretation of results is a question for an 
experienced stajff. This is of special importance on permanent 
runway construction. 

{d) Moisture content is expressed in percentage, of dry weight of 
soil. In general, determinations are made by placing a sample 
in a metal container and jfhoroughly drying out in an oven 
or over a fire. (See Appendix V.) 

(e) Bearing capacity, — ^Methods have been developed in U.S;A. 
for measuring in the laboratory the bearing or load capacity 
of a sub'grade or base material. Results are expressed in 
terms of a percentage, based on a standard sample of crushed 
stone. These methods allow miscellaneous materials and 
mixtures to be tested. Normally, the bearing capacity 
of natural surfaces is tested in situ, manually or with simple 
equipment. (See Appendix VI.) ^ 


Section 22.-™PRAGTIGAL INTERPRETATION OF DATA 

1. The complexity of soil types and physical characteristics is less 
apparent when the problems of a particular region call for study. 
The range of types may be reduced to very few, owing to uniform climate 
and closely related geological^ origin. Upon first reconnai§sance, the 
soils on an airfield site may require less consideration than water-level, 
surface contours, and other topographical features. 

In operations, the tactical demands will be so urgent, the choice 
of site so restricted, and engineering risks so fully justified, that details 
of soil analysis may appear almost academic. But it will be impossible 
for engineer officers to look ahead and foretell the results of drought 
or rains without fairly detailed knowledge of conditions. 


:2. Sooner or later,; any of .the- following practical qiiesti.ons . are likely^ 
to call .for .detailed report. . 

(a) Behaviour of natural surface under the measure and incidence 
of rainfall known to be typical for the district and season. 
{Time of drying out after different spells of rain.) 

{b) Effect of such rainfall upon bearing capacity of soil for specified 
aircraft, or upon its strength as a foundation for various 
methods of pavement. 

(£;) Effect of rainfall in delaying the work of grading, rolling, 
transport, track-laying, etc. 

(d) Suitability of soil for different types of a\’ailable metal track 
or other portable surfacing. 

{e) Drainage characteristics of soil and site. 

(/) Durability of dry natural surface after heavy use, with special 
regard to incidence of dust and soft patches. # 

(g) Effects on surface conditions of high water table. 

(h) Sometimes, effects of frost and thaw. 

3. Direct evidence will be obtained from intelligence reports and 
from work in the field, by study of vehicle-tracks and vegetation, 
by visual soil tests, and by correlation or ''matching'’ of observed 
conditions with those known or recorded elsewhere. 

The results of laboratory tests will provide important supplementary 
data, allowing soils to be classified in accordance with the Casagrande 
scheme, which displays the practical behaviour of standard soil types. 

4. The following analysis is condensed from the table given in the 
U.S. “Aviation Engineers’ Manual TM5-'255/' and covers physical 
characteristics affecting work both on advanced landing grounds and 
upon more static tasks : — 

(Types are grouped in sequence, "from the coarsest to the finest 
grades.) • 

(GW) Well-graded gravel and gravel-sand mixtures : Utile or no fines 
Cohesion — Nil . • 

Wearing surface— -Poor 

Foundation — Excellent • 

Shrinkage and expansion — Insignificant 
Drainage — Excellent 
Co^pLpaction — Excellent 

(GC) Well-graded gravel-sand-clay mixtures 
Cohesion — ^Medium to high 
Wearing surface — Excellent 
Foundation — Excellent 
Shrinkage and expansion — V'ery slight 
Drainage — Practically impervious 
Compaction— Excellent 

(GF) Gravel with excess of fines, very silty gravel, clayey gravel, 
poorly graded gravel-sand-clay fixtures 
Cohesion — Slight to high 
Wearing surface — ^Fair to good 
. Foundation — Good to excellent 

Shrinkage and expansion — Very slight 
Drainage — ^Fair to impervious 
Compaction — Good. Close control 
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(S\V) WelUgfaded sands : little or 710 fines 
Gohesion— -Nil 

Wearing surface — ^Poor -r- 

Fouijdation — Excellent 

Shrinkage and expansion — Practically nil 

D rai n age — Excellent 

Compaction — Excellent 


(SC) W ell-graded sand-clay mixtures 
^ Cohesion — ^Medium to high 
Wearing surface — ^Excellent 
Foundation — Excellent to good 
Shrinkage and expansion — ^Very slight 
Drainage— Practically impervious 
Compaction — Excellent 

(S 5 ) Poorly graded sands : little or no fines 
Cohesion — ^None 
Wearing surface — Poor 
Foundation — Good to fair 
Shrinkage and expansion — Practically nil 
Drainage — Excellent 
Compaction — Good 

(SF) Sand with excess of fines, very silty sands, clayey sands, poorly 
graded sand-clay mixtures 

Cohesion— Slight to high 
Wearing surface — Fair to good 
Foundation — Fair 

Shrinkage and expansion — Practically none to slight 
Drainage — Fair to practically impervious 
Compaction — Good — Close control essential 

(ML) Sil^s afid very fine sands, rock flour, silty or clayey fine sa^ids 

Cohesion — ^Very slight to medium 

Wearing surface— Poor 

Foundation — Fair to poor 

Shrinkage and expansion — Slight to medium 

Drainage — ^Medium to poor 

Compaction — Good to poor. Close control essential 

(CL) Clays, inorganic, of loto to medium plasticity, ■ sandf clays, 
silty clays, lean clays , 

Cohesion — ^Medium to high 
Wearing surface — Poor 
Foundation — ^Fair to poor 
Shrinkage and expansion — ^Medium 
Drainage — Practically impervious 
Compaction — Fair to good 

(OL) Organic silts and organic silt-clays of low plasticity 
Cohesion^ — Slight to medium 
Wearing surface — Pooi* 

Foundation — ^Fair to poor 
Shrinkage and expansion — Medium 
Drainage^Practically impervious 
Compaction — Fairs,tO;gppd f,*,. . 






{CMl , Ci^ySf ^inofganic, of -high ■ plasticity '; fat clavs ■ . 

Cohesion-^^High . v . - 

Wearing surface — ^\"ery poor ' ■ 

FoundatibiiT—Poor to ver^^ poor 
Shrinkage and e3q:)ansiori-^High . ' 

: ; Pramage—Practically im.per\nous - 
Compaction- — Fair to" poor 

(Pt.j Fibrous organic soil of very high fompressibilitv. Peat and 
. other organic swamp soils 

Wearing surface— -Useless * 

Foundation and wearing surface — ^Useless 
■ Shrinkage and expansion — ^Very. high' 

Drainage— Fair 'to-' poor 
Compaction — Impracticable 


Potential frost action is recorded as follows 
: ML, CL,.OL 

'GC, SC, CH 

' GF, GW, GP,- SW, Pt. 

, 'SF ' ‘ - . ■ 


-Medium t(# high 
IMedium 
Slight to Nil 
Variable 


Compaction^—Sheepsioot rolieirs can be best used with GC, SC, 
CL, OL, and CH, and rubber-tyred rollers with GF, SF, and ML. 


5. Contraction. — soil characteristic of special importance in 
climates of marked seasonal contrast is the degree of contraction 
displayed upon drying out. Silty clays oL cotton soil type 
commonly show linear contraction of over 15 per cent, and constitute 
a troublesome foundation, especially in fills, if allowed to regain high 
moisture content. ^ , 


Section 23.— SOIL CONSISTENCE DEFINITIONS 

Soil consistence, readily determiiiied upon airfield reconnaissance, 
is a factor of importance in identification of soils and also iig. the assess- 
ment of engineering properties. The following list of terms is given 
for the benefit of reconnaissance officers who may be able, in many 
cases, to use such definitions in the speedy reporting of soil conditions. 

Term l7iterpr elation . 

Brittle ... Dry soil breaks with clean sharp fracture. 

Cellular ... Pore spaces of regular, size throughout soil mass. 
.‘Cemented ... Soil aggregates bound together by a cementing 
agent. 

Cheesy ... Characteristic of a wet soil. Elastic, bends 
without fracture. 

Coherent ... Very compacted. 

Compact ... Dense and firm without cementation. 

Firm ... Moderately hard. Fragments can be broken 
between fingers. 

^ris,ble ... Easily broken and reduced to crumb structure. 
Hard ♦ ... Very difficult to crush* between fingers only. 

Impervious . . . Very resistant to Water or root penetration. 

Loose"' , Soil of sniall aggregates and maximum pore space. 

Mellow ' Porous mass, softer than friable; no -tendency 

• V A, 

Porous’ ... A visible condition of 'permeability, dependent 
on the size, shape and quantity of air sp^es 
within the mass. 
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Term 
Plastic 
Soft ... 
Sticky 
Tenacious 

Tight 

Tough 


Inierpretaiion 
■Readily moulded. 

Readily crushed between fingers. 

Adhesive when wet, cohesive when dry. 

Very like sticky, but applies more To a cohesive 
character when wet. 

Compact, impervious and tenacious, usually 
plastic. 

Bores easily, but very difficult to break. 






CHAPTERS 

METEOROLOGICAL DATA 

Section 24. — GENERAL 

1. Abundant information is provided by units of the Meteorological 
Office, whether attached to the Army or Air Force, when required for 
planning. Figures may be issued with the warning that they originated 
from stations far from the sites under consideration, and that local 
modifications may be necessary because of varying topographical 
features. 

2. The engineer officer must try to check the bearings given iov 
prevalent wind by study of vegetable life, sand-dune patterns, orienta- 
tion of wind-scoops on houses, etc., and by enquiry. The existence 
of any ridges or depressions, liable to cause local wind turbulence 
in the line of air approaches, must be recorded and reported. Rainfall 
records will be scanty in poorly developed regions and must be ^ 
amplified from* all possible direct and indirect sources of information. 

Fog and mist are important. Information may be gathered from 
local sources, but whenever possible such data should be supplemented 
by the advice of a meteorological officer who, even when he has no 
relevant repords, can give an opinion as to whether the information 
is likely to be correct. Assessment of dust storm expectations is an 
engineer responsibility of great practical importance in certain countries. 

The meteorological officer can assist in this by giving information on 
^the direction from which dust-raising winds are most common. 

Section 25.---RAINFALL ' ^ 

1. Rainfall records will required for all areas of proposed activity , T 

in order to plan suitable methods of runway surfacing and drainage | 

construction. Data should cover : — - i] 

{a) Rainfall and evaporation : annual and monthly averages. | 

[b) Disposition of wet and dry periods. - I 

(c) Maximum intensity. ■ 

Figures of monthly precipitation are of- particular importance in 
regions of seasonal extremes. 

2. In some parts of the world monthly and even annual records 
show baffling irregularity. On one island in the Pacific rainfall returns 

gave, for a particular month, a minimum of 0*3 inch, an average of , ^ 

3*3 inches, and a maximum of^n*3 inches. A calendar month is tCo : 

short a measure in countries of extreme conditions. The seasonal 
picture is more instructive. 






3. For purposes of illustration, the rainfall 'distributlGii throughout 
the year for a variety' of regions selected for their: importance or dis- 
tinctive characteristics, is shown in . Table II below. Comparable 
figures* should be obtained for any other district under consideration 
for airfield construction. . ■ , 

Table II.— Rainfall distribution 


Equable distribution i ' Seasonal extremes 


Month 

S.E. 

England. 

. , ins. 

France. 

Arras. 

ins. 

Gennany. 

Berlin, 

ins. 

Sicily. 

Syracuse. 

ins. 

North 

Africa. 

Algiers. 

ins. 

Palestine. 

Ramleh. 

inS'. 

ir 

S Assam. 
Srimangal. 

ins. 

Jaa. 

' 1-9 

2-1 

1*5 

3*8 

4*6 

5*4 

0*5 

... 

■■ 'I*?,, 

1-6 

:■ 1*5 

2*4 

3*6 

3*4 

1*5 

'Mar. ■ ... 


2-0 

1*7 

1*6 

2*9 

1*9 


Apr. ... 

1 *5 

1-6 

1*5 

1*4 

1*6 

0*7 

10*7 

.May .... 

1-8 

2*2 

1*9 

0*8 

1*6 

0*1 

15*0 

June' . . 

„ 2'-0 

.. 2*5 . . 

2*5. ■ . 

0-2 

0*6 

0*0 j 

17*1 

■July ... 

2-4 

2*5 

3*0 

0*2 

0*1 

0*0 I 

16*5 

Aug. ... 

2-2 

2*4 

2*2 

0*3 

0*2 

0*0 ■ 1 

13*2 

Sept. ... 

1-8 

2*4 

1*7 

2*0 

1*7 

0-0 i 

11*8 

Oct. ... 

2-6 

2-6 

1*9 

3*3 

2*8 

0*8 

6*8 

Nov. •*. 

2-4 

2*4 

1*7 

5*1 

5*0 

2*2 

0*9 

Dec. ... 

2-4 

2*4 

1*8 

3*9 

5*1 

3*7 

0*2 


24-5 

26*7 

22*9 

25-0 

29*8 

18*2 

98-5 


At Cherrapunji, Assam, average rainfall is 424 inches, with 274 inches 
during June, July, and August, and 6|- inches during the four months, 
November to Februar}^ 


Section 26.— EVAPORATION 

1. Evaporation can only take plafce from a surface w'hich contains 
water. Most evaporation records give the evaporation from an 
artificially moistened surface or from a water surface, and so give 
values of moisture removal which have no relation to the moisture 
removal from the natural surface of the ground, 

2. The rate of total evaporation from soil, including transpiration 
plants, varies according to the season, the weather conditions and 

the-amount of moisture available for evaporation in the upper few feet 
of the^"soiI, Formulae, taking these factors into account, are being 
dc\'cloped for giving the rate of evaporation for bare and turfed soil. 

3. The following table gives the approximate total evaporation for 
turfed grassland on chalk in Hampshire : — 


Table III. — ^Total evaporation 



ins. 



ins. 

January • 

04 

July. ... 

,■ , ... 

2*7 

February 

0*5 

August . . , 

... 

2-6 

March 

M 

September 

, ' «■’. * ■ 

24 

April ... 

1*9 

October ... 

. . . 

1*7 

, May 

2*5 

November 


1*0 

June ... 

2*6 

December 

... 

... 0*5 


Total per year 19*9 ins. 
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5. Approximate figures for evaporation after heavy rain in the summer 
m England are that 0-18 inch will evaporate in the first three davs 
0-20 mcfe in the next three days, and 0-12 inch in the following three 
days. In winter the rate of evaporation will be very much less. 


Section 27.-EFFECTS OF RAINFALL AND EVAPORATION 


1. The interaction of these two factors is significant. As is seen from 
the preceding sections, in England and much of Europe where there 
are no marked wet and dry seasons, evaporation is most important in 

summer, and in winter is quite unable to remove the water which 
normally falls in rain. wnicn 


2. In a Mediterranean climate, such as Sjnacuse, Algiers, or Ramleh 
there is no water to be removed by evaporation in summer In winter 
when dry^ winds are blowing off desert surfaces the evaporation is £ 
and drying may be very rapid after rain. Even so, a rainfall of 4 or 
5 inches in a month is bound to take some time to remove, particularly 
when winds are blowing from the sea. ^ '•louiany 


3. In a moMoonal climate, such as Burma or Assam, the rainfall in 

irieJ^moX V' be removed by evaporation, butSthe 

dncr months a heavy storm is soon dried up and vanonr 

steaming off the gm^nd in the intense tropical sun^Wne ^ 


. 4. It may be added that evaporation from mud is a much slower 

?f rSSto ^ importance 

: a soil that 1ms become muddy, and of limiting the 

use of bare soil after rainfall if it is required to dry out quteki™ ^ 


Section 28.— WET AND DRY SPELLS 


1. The prevalence of wet or dry spells will call for study cSieflv for 
determiiung the suitability of different surfacing and drainage methods. 

of only moderately wet weather, spring and autumn by iong slelfs of 
Wy rSfurto liold_ the ^expectation of 

spells of little Drerinita firm days, with long intervening 

speiis 01 little precipitation and heavy evaporation The nrosnect-a it^ 

other regions can be similarly analyzed for general guid^?e? ^ 


4. On heavy grassland which has dried out to the normal mid-summer 
state, 1 inch of rain 'kuII bring the top 4 inches to field capacitv 
2 inches will extend to a depth of 9-10 inches, and 3 inches to abom 
18 inches. Soil is at field capacity when all the major pore spaces 
saturatei^ with water. The aboi’e figures are approximate only ' and 
it IS assumed that the rainfall was almost continuous, so that loss h\- 
evaporation can be ignored., ^ > 
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Table IV.~-Raiiifaii expectations during wet year 
(approximations only) 


2. In practice, the daily ligure may be used for drainage? calculations, 
whilst the figure for maximum intensity is useful to indicate the chances 
of temporaiy flooding, if a storm occurs, when free storage capacity of 
the drainage system is low, becaUvSe^of preceding rains. 


Section 30.~-TEMPERATURE, HUMIDITY, AND 
PRESStJRE 

1. In some tropical and desert regions and at high altitudes, it ^ 
necessary to study pressure and temperature values to determine how 
much the standard runway lengths should be increased to allow for 
variat^n in atmosphere density. 


2. In regions of great heat and humidity, it is obvious that special 
provisions may have to be made in the design of technical accommoda- 
tion, rest rooms for pilots in readiness, shelters for maintenance 
parties, etc., apart from special requirements in design of domestic 
accommodation. 


Section 31.— -MI^T AND FOG 

When there is scope for choice, areas with bad mist records must be 
avoided. In any case, expectations should be reported. Valley ground, 
^sheltered from wind harbours mist, which is often of local occurrence 
along the low banks of rivers or on swamps. The main cause of mist 
is the big difierence between day and night temperature, affecting 


Place 

Wet 

year*s 

rainfall. 

ins. 

Highest 

monthly 

rainfalL 

ins. 

Highest 

daily 

rainfall. 

ins. 

Maximum intensity of 
rainfall-— inches per 
hour for one hour . 
duration. (Estimated). 

England, S.E. ... 

30 

5-0 

2*0 

1 *0 

England (Borrowdale) 

' m \ 

i 20-0 

1 4*5 i 

2*0 

France (Arras) 

30 

6-0 

3*0 

' 1 -0 

N. Italy ... ... 

50 

10*0 

6*0 

2*0 

S. Sicily 

40 i 

12*0 

8*0 

■ 3.0 

Algiers 

40 

11*0 

6*0 

1*0 ^ 

Palestine (Ramleh) 

35 

12*0 

5*0 

1*0 

Libya 

15 

8-0 

4*0 

1*0 

Assam (Srimangal) 

125 

34*0 

8*0 

2*0 
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Section 32.~WIND RECORDS 


1. Where station records are adequate, the frequency of different 
\v^ds of high and low velocities, and of calms, is shown upon a Vector 
diagram called a Windrose. The purpose of this diagram is to show 


(a) 


The direction from which moderate or strong winds blow 
since by that means the best direction is given for orientatine- 
a single runway. It may be noted that to decide the best 
direction the frequencies of N. and S. winds should be added 
N.E. andS.W E and W.,and S.E. and N.W. as is shown in 

the inset to Plate I L 


(b) Wi^ther a second runway is important and, if so, its most 
. enective direction. 


(c) The probable proportion of time during which the runwavs so 
designed could not be used. 


2. For reliable interpretation, it is necessary to have hourly observa- 
tions made over a number of years and analysed to each Beaufort force 
compass. Such detailed data are not usually avail- 
able. Wmdroses are as a rule only obtainable with 8 points, and 
interpolation may be required to decide the best runway direction. 


Donei^t frequency, is acceptable if its com- 

ponent, noi:piaI to any avaikble runway, is not in excess of 10 miles per 
operational conditions and for heavy aircraft, a component 
of 15 miles per hour is commonly accepted. For example permissible 
cross-winds would range as follow.s • F . P ssiPie 


For 10 m.p.h. 
component 
11-5 m.p.h. 
14 m.p.h. 
20 m.p.h. 
26 m.p.h. 


For 15 m.pji. 
component 
17 m.p.h. 

21 m.p.h. 

30 m.p.h. 

39 m.p.h. 


4. Two typi^ Wmdroses are shown in Plates 10 and 11. The first 
“ England, with full data for 16 compass 
The second is representative of requirements in operational 
OT Winds, for 8 compass points, in three groups 
12 m,p.h., 13 to 38 m.p.h., 39 m.p.h. and over. 


Imimd air. The smoke and fog of industrial areas rarely call for 
consideration under operational conditions abroad, but the desirabilitv 
of windward siting should go on record. ^ 



25 M.P.H. ANDOVER. 


PERCENTAGE FREQUENCY OF WINDS EXCEEDING 12 M.P.H. 

• (FORCE 4 AND OVER) 
N+S NNE+SSW NE+SW ENE+WSW 

3-8 4-3 _ 4-8 5-7 

E+W ESE+WNW SE+NW SSE+NNW 
S-4 2-4 ■> 2-9 3-0 


Plate 10.— TYPICAL 16-POINT WINDROSE FOR STATIC 
AERODROME. SOUTH EAST ENGLAND- 
FOUR FREQUENCIES 








mo^TFO^CE 6 ANDOVER 


t3-58 39M.P.H. 

AND OVER. 


PERCENTAGE FREQUENCY OF WINDS EXCEEDING 12 M.Sh. 

(FORCE 4 AND OVER) 
N+S NE+SW 

10-0 ■ 10-4 

E+W SE+NW 

7-4 6-5 


Plate 11.— TYPICAL 8-POINT .OPERATIONAL WINDROSE 
—THREE FREQUENCIES 
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5,^ The ^ Beaufort scale /of .wmdVforce'-is- the accepted standard. The 
specificatidns are formulated ior -observers without " apparatus for 
measuring velocities. ' ' ^ „ . ' 


Table V,; — -Beaufort Scale of Wind Forcp 


Beaufort 

General 


Limits 

■■scale ■■ 
No. 

description 
of winds 

Specification of scale 

of velocity 
m.p.h. ' 

0 

Calm 

Smoke rises vertically ... ... 

,» ■ ■ 

Less than 1 

1 

2 

Light air 

Slight breeze ... 

Wind direction shown by smoke drift, 
but not by wind vanes. 

Wind felt on face; leaves rustle; or- 
dinary vane turned bv %dnd. 

1-3 

4-7 

■ 

3 

Gentle breeze , , . 

Leaves ' and ■ small twigs in constant 

8-1:2 . 



motion. 


4 

Moderate breeze 

Raises dust and loose paper ; small 

13-18 



branches moved. 

! * 

5 

Fresh breeze i 

Small trees in leaf begin to svray 

1 19-24 . 

6 

Strong breeze... j 

Large branches in motion ; whistling in 

1 25-31 


High wind 

telegraph wires. 


7 

Whole trees in motion ... ... ... ! 

32-38 

8 

Gale ... ... 

Breaks twigs off trees; generally im- 

39-46 


Strong gale ... 

pedes progress. ■ i 


9 

Slight structural damage occurs ; chim- 

47-54 . 



, ney pots removed. 


10 

Whole gale 

Trees uprooted ... ... ... ... 

55-63 

11 

Storm... 

W^'idespread damage ... 

64-75 

12 

Hunicane 

Above 75' 


Section 33.~-DAY AND NIGHT WINDS 

1 . On the whole, winds are stronger and more gusty by day, lighter 
and steadier at night. It may often be noticed for instance even in 
England how the wind is felt to^get up some two or three hours after 
sunrise, and to lull at night. The effect is more marked in summer 
than in winter, and is much more marked in lower* than in higher 
latitudes. 

2. The lulling of the wind at night is associated with the cooling 
of the ground (and lower layers of the air), which occurs particiilarly 
when night sides are clear. The rising of the wind by day is associated 
■with the warming of the ground by the direct (or scattered) radiation 
frcJfn the sun, and so occurs particularly when the daytime skies are 
clear or have become full of broken cumulus cloud. 

3. It should be noted that the cooling of the lowest layers under 

clear skies at night is likely to lead to an '' inversion of temperature, 
and indeed it is the formation of the inversion which produces the 
lulling of the wind at night. But the cooling of the lowest layers and 
the formation of an inversion are both agents which favour fog fomia- • 
tion. Sq places which are found to ^ave a pronounced lull at night 
may be also places where night visibilities are frequently poor. ’ * 

Section. 34 —DUST STORMS - 

1. In desert countries or where a summer-dry climate prevails, th& 

’ incidence of dust storms will often be of great significance in relation 
to visibility and aircraft paainten^ce. . 
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3. Where dust is raised by operational aircraft taking off from a 
natural strip, the pall of dust which hangs over the ground when there 
3S no wind, may prove an important factor in layout design. 

If there is much traffic in the neighbourhood of an airfield in a dn^ 
necessary to divert traffic to the leeward side of the 
airfield so as to prevent interference with aircraft from- dust 


CHAPTER 4 

AIRFIELD RECONNAISSANCE 

Section 35.— GENERAL 

selection of favourable areas for airfield sites is conmionlv 

reports and air photographs, 
supported by the observations of an engineer and an air force officer 
flying over the ground. Observations Ire made from higraltSes 
until comparatively small areas have been selected for more intensive 
observation m slow-speed aircraft flying close to the ground Air 
photographs and air reconnaissance assist greatly, but very rarelv 
necessity for a thorough reconnaissance on theVound. 

beyond permissible limits, may be 
too small for determination, even by precise stereoscopic methods.' 

2. Soil characteristics will rarely be determined with sufficient 
ec'Scal information, or by deduction from 

#■- ... 

Section 36.-PRELIM1NARY GROUND RECONNAISSANCE 

1. The pieliminary examination of favourable areaq !«? cnTnia-f-i'TYTric 
undertaken by officers of a field company in the course of a™SS 
engineer reconnaissance. This task is deLt with in the RE Recon 
naissance Pocket Book, 1944. Valuable information often Jained 
at the earliest juncture, bv enia'ineer trnrvn« Txr-;-<-K i 

of the airfield construction group should trauel vvith the fontard brigade^ 

for selection falls on the reconnaissance oarties 

assessment of time and resources required^ to^brino- a 
an acceptable state of serviceability carries most 
^ by the engineer command called'upon for the fulfilment of thrSimate! 

3. “ Standard '* questionnaire and renort -i ^ t 

Miyereal use, comprise a useful aide memoire but' they elntraUv 

up^ decfii™. spSIStStor'SdS 

will always be required to prevent waste of time and eSrt ' 


2. The efiiciency of the wind as a dust raiser is afl'ected'by velocity 
turbulence, plant-growth, temperature, humidity, and the available 
resen/es of free dust. Where uncompacted dry sand or silt is very fine 
a wind_ velocity of over 12 miles per hour may be very troublesome.' 
In a high wind, the sun becomes invisible and aircraft cannot take 
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4. in oliensive operations, the choice of sites is generally restricted. 
Physical conditions are often well known in advance. Ground 
reconnaissance will be necessary to determine if there are special 
difficulties or adverse features, not previously disclosed by air photo- 
graphs and air reconnaissance, and to review provisional erdmates of 
time and resources for construction. 

5. The crucial points for investigation will be 

{a) Slopes and undulations. * 

{b) Characteristics of soil, for natural surfacing or as a foundation 
for available types of runway mat. 

{c) Facilities for taxi-tracks and dispersal areas. 

Condition of access roads or tracks, and proposals for future 
requirements. 

(e) Flying-approach obstructions in detail. 

(/) Local materials. — ^These may be important, especially for 
drainage, but projects must envisage completion of surfacing 
wdthout much initial help from chance resources. 

(g) General characteristics, beyond those essential for the short-term 
view, to be covered if time allows. Certain specific problems — 
probably one or two — will need intensive investigation. 

6. Hasty reconnaissance calls for the exercise of quick individual 
judgment, based upon wide knowledge and experience of the behaviour 
of Afferent soils, of the capacity of mechanical equipment and of the 
standard of results to be considered passable in terms of the Air Force 

brief Few hours will be allowed for the task. 


Section 37.— DETAILED RECONNAISSANCE 

1. Deliberate reconnaissance, preceding more permanent type.s of 
construction, or following the selection of and start of work on advanced 
landing grounds, will involve an exhaustive investigation of many othcwr 
engineering and aeronautical factors. 

The problem may concern the relative merits of alternative sites or 
the' ogportunities for major expansion. Compared with the con- 
ditions of a hasty operational reconnaissance, individual difficulties and 
responsibility are often less exacting because the chances are better 
for detailed examination and check, for guidance^ from laboratory 
tests, and for discussion with specialist and other officers. 

2. Selection offsites and estimates of work can be made only with 
a full appreciation of Air Force standards and of all practicable^ 
methods of construction, suitable for the soil characteristics determined 

in the field* The questions demanding -special consideration in an\' ^ 
])articular reconnaissance will rarely b® in doubt against this backgn:.)imcl 
(T knowledge and experience. 

3. All the significant points which may call for attention either in 

Iiasty or in deliberate reconnaissance are enumerated below under 
two 'main headings, Sketch plan” and Airfield reconnaissanco 
report.” * , 


# 
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4. Sketch' plan. — ^Nearly always of first importance, especially 
wliere doubts arise as to the feasibility of construction or suitability of 
location, is the production of a handy sketch plan on a scale of about 
1 : 10,000. This plan must show, in words or graphically : — 

(а) Re?,onimended name or designation of landing ground, pre- 

ferably -the name of nearest town or village marked on small- 
scale maps. If there is likely to be a group of airfields, the 
suffix main, east, west, etc., can be used (to indicate inter- 
relationship of airfields) with due regard to probabilities of 
further construction. 

It is better to have a group of airfields firmly named from 
the start than to change designations later, even for a more 
rational system. Changes of name, like changes of technical 
terms, lead to confusion without adequate benefit. Decision 
on names is given by the R.A.F. 

(б) ^ Type of aircraft to be served. 

{c) Map sheet reference, with latitude and longitude, and grid lines 
if possible. 

{d) Compass points, with an arrow showing the accepted prevailing 
wind (from meteorological information and observations in 
the field). 

{e) Height above sea-level. 

(/) Scales, proportional and natural. 

ig) Prominent local features for easy recognition from the air, 
such as cairn, farmhouse, pond, copse, windmill, etc. 

(h) Obstructions. — Show all potential flying obstructions, indicating 
by arrdw any distant hills or other features outside the boun- 
daries of the plan. ^ If . obstructions are a serious factor of 
uncertainty, a special sketch-plan, with, section drawings 
may be necessary to assist the R.A.F. in making their decisions^ 
All obstructions over lOO^eet high within a radius of two miles 
shc/dld be marked, 

{i) Contours.— Main contours taken from large-scale maps, with 
any interpolation demanded by local conditions. 

: U) Landing strips.— Suggested layout in full lines. C'orner points 
will be marked by stakes in the ground, but these points should 
be fixed on the map, in case of change, by bearing lines and 
distances from suitable stations. 

(k) Maximum extensions practicable for width or length ^ Show 
in broken lines. 

(/) Adverse features. — Soft patches, rock outcrops, hummocks 
gullies, etc. 

(m) Main communications.— Existing road and rail, with neighbour- 

ing place names and distances. 

(n) Access communications. 

(i) Existing access tracks, showing best lorry route. 

Proposed addition^ access tracks for service of airfield, 
(ill) Dispersal areas proposed. 

(o) Drainage.— Outfall channels, natural or artificial. 

ip) Plant life, showing orchards, crops, timber growth, etc. 

iq) Proposed camp sites and mechanical equipment park;, 

(r) Officer's name and date of reconnaissance, 






■'4 


37 


5. Airfield reconnaissance report. — In addition to the above 
sketch plan, co\cTiiig fiist essentials, a report niust be written, dealing 
with any of the following points which may be, relevant to the 
situation : — 

{a) Meteorological conditions '' 

(i) Prevailing and other important winds, at different 
' seasons. 

(ii) Rains. Dust storms. 

(iii) Fog. Mist. Low cloud. » 



(b) Surface conditions : soil and sub-soil 

(i) Soil classification in terms of gravel, sand, silt, loam, 

clay, organic type. 

(ii) Permeability. 

(iii) Compaction characteristics. 

(iv) Other important soil features. ** 

(v) Evidence of vehicle tracks, current and old, in relation 

to bearing capacity of soil and sub-soil. 

(vi) Vegetation — natural and cultivated. 

(vii) Rough, stony, or soft patches. 

(viii) Rock outcrops. 

(Pits to be dug and samples of soil and sub-soil to he taken.) 

(c) Gradients. — (Notes or sketches in amplification of data shown 

on sketch plan.) 

(i) Gradients in relation to strips, taxi-tracks and drainage. 

(ii ) Average over-ail gradient and direction of slope. 

(iii) Details of any gradient exceeding 1 in 80.* 

(iv) Undulations. 

(d) Drainage 

(i) Depth of water-table, maximum and minimum. 

(ii) Condition of soil after rain. Run-oE and infiltration. 

(iii) Details of main outfall ^channels to serve future drainage. 

(iv) Any evidence of flooding in area. 

{e) Flying conditions 

(i) Description of flying approaches within one mile of strips 
in all directions. 

• (ii) Hills within five miles. 

(iii) Nature and position of obstructions in approach 2 on%'; 

Magnitude of task of removal, 

(iv) Any ridge or scarp liable to cause wind turbulence. 

(/) Commimications. — Amplification of essentials shown on sketch 
plan. 


(g) Local resources 

(f) Stone quarries, broken §tone, bricks, gravel, sand (giving 
physical condition and rough grain sizing), cement, 
aggregate, piping, empty drums, etc. 

(ii) Water both for construction and for potable supply. 

* • (iii) Any accommodation for offices, headquarters, operations, 

signals, etc., whether ready for occupation or needing 
' tepairs^ 
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(Ii) Consiruction 


(i) 

<ii) 

(iii) 


Brief outline of work required to prepare strips for service 
in dry weather, and wet weather. Also to clear ground 
outside strips. 

Conditions for enlargement of strips, in length and 
width- 

Requirements in personnel, plant and transport with 
special reference to most urgent initial tasks. 

(iv) Estimated time required, with above resources, to com- 
« plete work in such stages as fit the situation; e.g., 

first task, one landing lane 1,200 by 40 yards, with 
dispersal for 20 aircraft. 

(i) Camouflage 

(i) Opportunities for concealment of aircraft and dumps 
should be stated. (Good dispersal facilities are 
generally of greater importance.) 

* (ii) State if there are any conspicuous landmarks which make 
location of landing ground easy for enemy bombers. 

{j) Relative merits of alternative sites. — In the case of selecting a site 
^ within a wide favourable area, the officer responsible should 
indicate the limits of the area which he has examined. An 
inferior site will be sometimes developed, whilst a better site, 
beyond the area covered, is missed for .shortage of time on 
reconnaissance. 

[k) Opportunities for expansion, — ^The opportunities presented by a 
site for expansion and development into a bomber airfield, 
are rarely a factor of any importance in choice of landing 
grounds for a tactical air force, but should be recorded if 
clearly established. 

(/) Hygiene. factors, with particular reference to standing 
water and proximity of ^habitations in a suspected malarial 


r 
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CHAPTER 5 

AIRFIELD SURVEYS 

Section 38 .--GENERAL 

Airfield surveys are of four types : — 

• [a) Air, 

(d) Topographical. 

\c) Construction and quantity. 

[d) Soil. 

Section 39.— AIR SURVEY 

1 . Air photographs are rej[uired to record the general character of a 
site, and are valuable in support of subsequent topograplfical and soil 
surveys. Heights and gradients may, in favourable circumstances, 
be judged with sufficient accuracy for comparison of different sites. 
Topographical maps compiled from air photographs have the great 
merit of assured, detailed accuracy at date. 

Air photographs are indispensable as a basis for discussion of camou- 
fiage problems. 
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2. Some or all of the following should be used for planning : 

{a) A photographic mosaic made up from vertical air photographs, 
and stereoscopic pairs of the prints used in its compilation. 
The mosaic should cover the whole airfield region, including 
a mile or two beyond the site for development. Scale 1 : 
1 . 0 , 000 . . .. 

(&) Oblique photographs from four points of the compass, taken at 
an altitude of 3,000 feet, at a distance of about one mile, with 
the standard 8 -inch F.24 type camera. 

(c) For intensive camouflage study, coloured photographs would be 
desirable. Excellent photographs have been taken in 
America, but these are best when large-scale pictures can be 
taken at a low altitude in good atmosphere. 

(ff) Approach photographs taken at not less than 20,000 feet and 
five miles distance are needed to illustrate the field as it would 
appear to approaching enemy bombers. ^ 

(^^) Special stereoscopic pairs bn a sca|e of 1 : 5,000 or larger, may 
be required of important sections. 

3. The most refined methods do not obviate the necessity for final 

examination on the ground, but the use of the stereoscope is 
important even though relief is not being examined. The fused 
image is always better than the single picture. 


Section 40. —TOPOGRAPHICAL SURVEY 

1 . The need for detail in a topographical map of the area is governed 

by many variable factors. ' * 

{a) Assuming a heavy programme of work and broken terrain, an 
accurate map on a scale of 1 : 2,500 (minimum 1 : 5,000) is 
required, with contours, at 2 feet to 10 feet verticartnterval. 
A carefully adjusted layout of permanent run^vays and tracks 
may effect important economies in cut and fill ; the latter 
process being particularly undesirable in runway work. The 
invariable demand for maximum speed of completion should 
stimulate thoroughness of survey rather than any scanning 
of preliminary,?- mapping and estimate. 

{b) In regions of intense vegetation, a number of survey lanes 
may have to be cut through heavy growth before decisions 
• can be reached with, adequate assurance. 

2. Survey requirements for important work in comparatively 
irregular country, may be summarized as under : — 

{a) Levels for centre lines, edges of runways, edges of shoulders 
or flight strips ; lines 100 yards right and left of centre line ; 
lines through any points showing change of gradient. The 
level lines should extend 200 jaxds beyond end of runway or 
*strip in each direction. 

{b) Levels through drainage depressions, 

{c) Levels where other physical features demand, within perimeter 
of airfield. ,3 

{d) A grid of levels, at 100-yard intervals, to cover dispersal and 
other occupied areas. 
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{^) Field notes— giving- ' traverses of centre: lines and magnetic : 
bearings. Traverse lines should be carried from strips to the 
property or natural boundaries .defining the perimeter of the 
, ■ airfield. 


IVaverses of drainage depressions should allow catchment 
areas and capacities to be computed in the light of probable 
run-oS, after allawing for infiltration and the effects of 
observed vegetation. 


3. Survey instruments.— Requirements are : — 


Prismatic compasses (2) . 
Abney level, Mark 4. 

Measuring tapes (4). 

Pegs, 8-in. and mallets 
Ranging rods, 6-ft., with dags. 


Dumpy levels (2) . 
Staves, levelling (4). 
Theodolite, 3|-in. 
Plane table. 
Matchets. 


4. For all hasty reconnaissance, prismatic compasses and Abney levels 
are sufficiently accurate. A gradient of 1 in 60 is equivalent to 1 degree. 
The Abney can be read with a probable error of plus or minus 5 minutes. 
Major distances can be determined by checked readings on the speed- 
ometer. 


5, The survey party should include two officers, three N.C.Os. and 
a number of other ranks according to^ requirements for subsidiary 
work. 


Section 41. 


-CONSTRUCTION AND QUANTITY 
SURVEYS 


1. No special practice is involved in quantity surveying and marking- 
out for airfield tasks. It is only necessary to emphasize the significance 
of accuracy in a task of the great magnitude of a fully equipped airfield, 
with permanent surfaces, oyer which an inch of thickness may represent 
10,4)00-20,000 tons of sand or stone. 


. 2. Even in hasty construction, commonly a problem of area rather 
than volume, a good standard of accuracy in the calculation of sub- 
sidiary cut and fill is particularly important, when earth-moving plant 
is in short supply. 


Section 42.— SOIL SURVEYS 

1, In war, soil investigations fall into three distinct categories 
(a) Study of inaccessible ground by means of topographical. 


means 

geological, and soil fhaps, official records, and intelligence 
reports, supported by air |)hotographs and direct observation 
from the air. 


(6) Hasty ground surveys, as a factor in reconnaissance for advanced 
landing grounds, when engineering risks are justified by short- 
term considerations, and when field methods of determination, 
with little equipment, will be adequate. 




(c) Exhaustive or / confirmatory surveys, conducted with the 
aid of held or central laboratory' staff, to present a full picture 
■of probable characteristics, _ under all conditions of weather, 

• * ■, service and treatment, whatever the future role of the airfield 

may be. ' ; //'■■ '■;: ■. ■ 

2. Ground surveys under para. 1' (6):and {c) above will include the 
reconnaissance and testing of adjacent soil; deposits of potential value 
as materials in the improvement of natural surfaces or in the con- 
struction of base and surface courses. 

The ground water-level, normal and highest, calls for investigation 
in nearly all circumstances. v 

■: Section 43.— SOIL SURVEY METHODS 

1 . R.E. mobile laboratory units have been organized to give the 
earliest possible guidance upon the characteristics or quality of soils, 
stone, cement and other materials. 

2. Laboratory vehicles can function fully within an hour of reaching 
a site. As a rule, they will be employed centrally to ser\’'e a number 
of tasks. The follovung' equipment is carried : — 

(a) Laboratory 

Proctor optimum moisture-density apparatus 

Permeability test apparatus 

Liquid limit apparatus 

Field density apparatus 

Viscometer 

Penetrometer. 

Hydrometers . • 

Balances, sieves, and other miscellaneous laboratory equip- 
ment . > 

Boxes about 15 inches qube to carry sample tins 
Sample tins for held and .laboratory ^ 

[h) Jnstruments 

Theodolite (rarely needed) 

Level and staff. 

100 ft. steel tape and 100 ft. cloth tape ^ 

Ranging rods, pegs, books, etc, 

' (r) Tools 

' ^ 2 Post-hole augers with extensions and tommy bars, i ,, • , 

1 Gravel auger 

1 Auger with self-closing flaps 
1 Twist auger for cohesive soils 
1 Crowbar for connection with auger extensions 
Spades, shovels, picks, statulas and survey stationery 

3. Survey procedure, — In hasty reconnaissance, only a few critical 
samples of surface soil and sub-soil will be taken. Before important 
works afe undertaken it will be necessary to subject the soil to close, 
examination. Methods described below are based on the recom- 
mendations of the Road Research Laboratory, England. 

. ■ ; {a) A. lt)-cwt..van.is wanted for personnel, equipment 

and Samples. Tins for' soil samples’ should- be air-tight.» 
Except for gravelly* ’soils, a IJ-Ib. sample is sufficient for 
identification tests/ 
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(b) Sampling , — Samples may be taken with a 4~iiis. or 5-ins. post-hole 

auger. On stony ground a gravel-auger or crowbar will be 
needed. Augers and extension pieces should be made an 
exact number of feet in length. For shallow work, test 
pits. are more satisfactory than auger holes. 

At least one sample is taken from each different layer 
penetrated. Depth of holes is normally four feet, giving 
two or more samples, reduced by quartering to the size 
required. 

(c) Siting of holes.-— An area must be covered by a grid, and landing 

strips by a single or double row of holes. Distances apart 
of holes will vary from 1,000 feet to 100 feet, depending on 
the urgency of precision and the soil conditions. Maps on 
a scale of 1 : 2,500 and 1 : 10,000 will be used for plotting. 

(d) Records , — ^Full records must be kept, on boring record sheets, 

^or identifying and describing samples. The general des- 
cription should give the nature of the ground, e.g,, ploughed 
land ; the depth of foreign matter cleared off before boring ; 
prevalence of stones ; details of soil as to colour, texture, 
consistence and structure. 

4. Soil profile. — The most important record based on data obtained 
by survey and laboratory test is the profile, showing the character 
and disposition of soil layers, and the water table if shallow. Profile 
sheets are developed in the field as work progresses, so that apparent 
abnormalities can be confirmed or corrected on the spot. Subse- 
quently the results of tests are added, so that profiles and plan present 
the full record *of "conditions affecting projects of construction. 

Suitable scales for profile sheets are Horizontal 1 /2,500 ; Vertical 
1 inch equals 5 or 10 feet, depending on topography. 




Section 44.— EVIDENCE OFe MAPS, RECORDS AND 
AIR PHOTOGRAPHS 

1. Planning staffs are able to gain valuable guidance as to probable 
conditions, upon which estimated requirements of stores and 
equipment may be largely based, by the scrutiny of air photographs. 

Only a few, of the necessary scientific training, can be proficient 
ill this work, but airfield construction officers are often called upon to 
fiy over strange country on reconnaissance or to give an opinion of 
air-photographic evidence in the field. They should extend their 
knowledge of interpretative methods as far as practicable. 

of the simpler features calling for identification may be 


colour changes which indicate the 
boundaries, are often significant. Colour 
are closely related. Air photographs 
provide valuable 
In the trooics 


(&) Loams and clays are geiieraUy incapable of differentiation 
without contributory evidence from plant-life. Sometimes. 

aowever, clays are characterized by drainage features. The 
absence of streams in flat terrain generally indicates that 
the rainfall is largely absorbed by the soil, with little or no 
' Surface run-ofl. 

(c) Bune sand is easily recognizable by its cloudy appearance 
on air photographs. Hills of half-moon shape imply soil 
of wind-blown origin, and the axis indicates the direction of 
the prevailing wind. Erosion features will differentiate 
between sand and loess. Erosion slopes in " clean sandy 
soil are similar to the angle of repose of sand heaps. Loess, 
on the other hand, is characterized by steep erosion banks, 

{d) Sand in general is recognizable by its lighter colour, but not 
all sands are whitish or yellow, and many calcareous soils 
of finer type show similar light shades. Marshes or swamps, 
in the desert, have a jelly-like appearance in air photographs, 
and salt is sometimes discernible at the edges in white 
incrustations. 

{e) Drainage.— The different types of drainage pattern in any 
one region are closely related to topography and soil type. 
A stream meandering across an area indicates* that the 
general drainage area is fiat to gently undulating, that the 
soil has a fairly heavy texture, and that surface run-ofi 
dominates drainage. The absence of such streams in flat 
terrain generally means that the rainfall is. largely absorbed 
by the soil, with little or no run-off ; hence the soil promises 
to be \vell drained and favourable for airfield construction. 


Section 45.-~EG0L0GICAL DAT^ 

1. With the advance of aerial ^photography and survey in the last 
20 years, the ecological relationship between types of vegetation 
(including variations in visibility and disposition) and of rock and 
soil characteristics, has been more effectively studied. The application 
of ecological principles can be reduced to narrow limits as soon as 
characteristic combinations of climate, geology, topography and 
vegetation have been established. 

2. If the vegetable growth is natural or semi-natural, the differences 

in soil within a region are generally reflected by the plant-types. 
Although extended human occupation and cultivation of a region will, 
in some cases, have obscured such natural distinctions, in other cases 
the artificial boundaries, created by the selective cultivation of different 
soil-types or by drainage conditions, will give distinctive evidence. 
In illustsation the following examples •are given : — , 

{a) Plum and apple orchards are usually on heavy loam or 
clay-loam, rarely on light well-drained sandy soils. 

(b) Extensive areas of flat land in grass indicate either poor or* 
heavy soils, not in the range from sandy to sandy loam unless 
ground water table is high. 
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(e) Citrus is generally planted on loamy or clayey pads in Palptine 
and E. Cyprus, but elsewhere (e.g.. Sicily) loainy soils are 
used. Seldom, however, is citrus planted ' bn' 'sand and 

never on heavy clay.-* 

(d) Olives are seldom found on sand, and never on clay in Palestine, 
Syria, or Cyprus. More often, they are planted on shallow 
calcareous and rocky ground, whereas the heavier and deeper 
soils are reserved for grain. 

In summer-dry Mediterranean countries, grain is never sown 
on sandy soils because of their low water-holding capacity. 

' This is not the case further north where a more even rainfall- 
distribution compensates for this deficiency. 

(/) In the desert, scrub indicates a silty sand, or in Italy an 
impervious red clay (“ barragge ”). 

(g) Cotton may indicate the notorious “ cotton-soil, badly diained 
silty clay, readily serviceable in the diy^ season and extremely 
difficult to deal with in the wet. 

(k) Rushes and willows establish a high water level, which prevents, 
by drowning of roots, the cultivation of fruit or grain. 

(j) Bracken and gorse favour a well-drained soil. 

(j) In the East, rice is associated with seasonal flooding and an 
underlay of hardpan. 

{k) Wheat usually indicates non-slaking clay. 

(/) Bare land in the midst of cultivation may denote slaking clay 
or seasonal flooding ; in arid districts, the presence of some 
troublesome alkali. 


3. Generally speaking, in summer-dry districts, striking differences 
in vegetation are associated with differences in soil types. In districts 
of more evenly distributed rainfallt vegetative distinctions are less 
pronounced, and in very humid regions may be almost indeterminable. 


Section 46.-~~ENGINEER REPORTS AND MAPS 


1? No standard form of engineer progress report, covering all types 
of construction will be satisfactory. . Skeleton forms will be compiled 
by the responsible engineer formation or unit, appropriate . to the 
physical conditions and urgency of the task, and the opportunities 
for close recording of progress without waste of time and eftort. 
Standardization of reports within an area where methods are comparable 
is, however, 6f obvious importance. 

’ ,.It is a constant engineer responsibility to report progress of work, 
clearly and speedily, and to record results in some simple form for 
Air Force formations and Army staffs. 




2. Rapid collection and distribution of information, during an 
^ advance; can be most satisfactorily effected by means of key maps, 
on a scale of about 1 : 500,000. Upon the margins of these maps, 
up-to-date replaceable panels of airfield plans, on a scale of about 
1 100,000, are affixed. 

Panels should show all essential features of completed runways, 
strips, taxi-tracks, dispersal, servicing facilities, and accommodation . 
Outside terrain should be covered for about 1 kilo beyond the area 
of construction. 





Amendments and additions, shown on new panels, are distributed 
promptly to the holders of maps, for sticking over the outdated inset 
maps. A specimen of such operational engineer maps, for adaptation 
to local needs, is given in Plate 12. 



Plate 12.-»-TYPICAL AIRFIELD MAP WITH PANELS 


'3. Detailed tabulations, giving the particulars of each airfield, may 
also be required for despatch to higher formations and for permanent 
records, but the graphic method is more serviceable in operations, 
when heavy paper- work is urgently avoided. Schedules are difficult 
to amen^ for individual items, and thQ re-issue of complete new sets, 
for the large number of airfields •covered in an army area, is likely 
to be too infrequent to meet exacting demands for current accuracy. 

4. The graphic representation appeals particularly to air staffs and 
operational units. Airfields are so large and far apart, that their 
location can be reliably indicated upon 1 ; 500,000 key maps of rough 
draughtsmanship without fear,. or, any confusion of -identity. 



CHAPTER 6 


DRAINAGE OF AIRFIELDS 

Section 47.-— INTRODUCTION 

1. The technical problems of airfield drainage are often the most 
pressing and complex with which the engineer has to deal. The 
constants are few and the many variables are generally difficult to 
assess? The correct interpretation of soil and other physical con- 
ditions, and the adoption of suitable drainage methods, may be essential 
for the continued serviceability of a field. Skilful work, or the avoidance 
of needless elaboration, will always be profitable. 

2. The engineer must know his job. He must be confident in his 
decisions, not only to attain success and economize resources, but in 
order to convince those who may be asked to meet unwelcome demands 
at the expense of other tasks of more obvious urgency. He obtains a 
high priority when he calls for tranfsport, equipment, and materials 
directly contributing to the creation of runway or dispersal areas. 
Less support may be forthcoming for protective measures against the 
ill effects of rainfall seepage or a rising water table. 

3. The geologic origin of the wide fiats necessary for the successful 
siting of big airfields, is commonly associated with unfavourable water 
characteristics. The absence of heavy undulations and erosion channels 
connotes poor run-off, whilst highly permeable soils are generally 
unstable. Low-lying areas which present the most favourable features 
from the flying and rapid surfacing aspect, will often form a natural 
repository for W^ter from higher ground. 

4. It is common experience to have to make drainage schemes 
conform to some predetermined layout, in the pattern of which the 
drainage features pjay small part. ♦In war, the first demand is for 
speed in const?uction of landing and dispersal facilities, where flying- 
considerations are good or passable, and locations are tactically suitable. 
The risk of future unserviceability, d^ie to heavy storms or even normal 
rain, will often be accepted or ignored. 


Section 48 —GENERAL CONSIDERATIONS 

1. In an operational area abroad, the main factors governing ,^t he 
drainage problem, upon a particular site, are the following : — 

(a) Topographical features, with special reference to contours and 

natural drainage within the airfield area. Drainage systems 
must be considered in relation to the natural drainage of the 
area and be designed to fit into it. Interference with the 
natural drainage of an airfield is a common source of trouble. 

(b) Rainfall probabilities, expressed in seasonal distribution and 

storm intensities. • ^ 

(c) Soil characteristics, disclosed by survey profiles, analysis, and 

observation. 

(d) The water-table (surface of a subterranean lake) and its seasonal 

changes of leyel. 

(tf) Time and facilities available for work and the degree of immunity 
from flood-risk demanded operationally. 
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2. The drainage system must be laid out in order to remove ali 
surface water from the operating areas, as rapidly as possible, without 
causing erosion. vStanding water, even outside the runways and taxi- 
tracks, is a direct menace to aircraft and, if allowed to remain, may lead 
to detrimental softening of border strips or of track sub-soil. Water 
lying on paved surfaces is a menace to pilots, blinding their wind- 
screens or even damaging their daps. 

3. Types and dispositions disclosed by the soil profiles infiuencing 
layout and methods of drainage, are as follows 

(a) Uniform and pervious sm7.— With such favGurable conditions, 

not often found, artificial drainage may be wholly unnecessarv. 

(b) Uniform and impervious soil^This condition is common. It 

becomes urgent to remove runway water as soon as possible, 
but sub-drainage is imlikely to be needed. The clay-loam or 
'' cotton-soir' group of soils, so prevalent in summer-drv 
regions of the Mediterranean, fall into this class. Such soils 
become practically impervious after the filling of cracks and 
saturation by the early wfinter rains. 

(c) Pervious soil above and impervious below. — ^These conditions mav 

demand sub-drains just above the impervious la^’-er, unless 
it is deep enough to cause no trouble. 

{d) Impervious soil above and pervious below.— This condition may 
be met by surface drains cut through a thin top layer. If this 
top layer is very thick, the existence of the permeable soil 
below' may have no practical importance. 

(e) Irregular disposition of pervious and impervious beds , — 
Irregular deposits can only be dealt with in the light of the 
ascertained conditions. Such deposits may well«be the most 
troublesome type and call urgently for sub-drainage, especially 
where heavy frosts prevail. 

4. A commonly adopted target iiT the design of drainage systems 
upon militar}' airfields is the removal in three hours of {a) thte maximum 
rainfall to be expected in one hour, or (p) the normal daily rainfall. 
Rainfall intensity figures, for many regions, show such extreme 
variations that only the expectation of serious danger or loss of 
service from flooding, would justify full measures against the result? 
of abnormal storm?. 

A storm assumption in excess of average expectations would be 
justified only as a safety factor. But however accurate this rainfall 
estimafe, all calculations based upon it are liable to be highly con- 
jectural, as applied to the capacity of drains and pipes hastily installed 
under war conditions. 

Lacking data for rain intensity at specific localities in regions where 
the annual figures are known, acceptable assumptions of drainage 
capacity requirements can be made by deduction. In countries with 
sharp seasonal variations, as in North Africa and the East, a single 
day’s rain will normally vary from 5 per cent, of the annual figure, 
where precipitation is moderate, to 10 pef cent, for regions of heavy 
rain. * . 

In England and Western Europe, with a higher number of rain-days 
of lower intensity, more evenly distributed throughout the year, these 
IWportions are reversed. A safe assumption, without reference to any 
particular site, would be a single day*s rain of 8 per cent, of the annual 
precipitation, where low rainfall prevails down to 4 per cent, for West 
Coast regions recording over 100 inches annually. 


i 
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. .Section 49.~~RUN-0FF, - 

1. Run-off plus percolation equals rainfall, the effects of evaporation 
and plant transpiration being of no account during storm periods. 
Percolation estimates will be heavily affected by the records of rainfall 
preceding the storm. At the beginning of a w^et season or after a fine 
spell, percolation is great compared with subsequent phases when 
surface saturation retards the process. Run-off percentage increases 
with storm duration, for similar reasons. 

J lie following table (U.S.A.) gives a picture of probabilities, which is 
e enough for application to any other known conditions 

Table VL — Percentage of run-off under various conditions 


The factors are based on a maximum 2 per cent, slope for natural 
surfaces. For steeper slopes, found outside the developed landing 
area, the run-off percentage shouM be increased by 2 per cent, for every 
increase of 2 degrees. 

2. An illustration of the use of the above table, to determine run-off 
and consequent rate of discharge at critical points, may be given in 
the case of a P.S.P. crowned runway, 2,000 yards by 50 yards, upon 
compacted sand underlay or base course. It is required to d^i with 
2 inches of rain in two hours. Assume a drain on each side of the run- 
way, in two lengths of 1,000 yards, graded toward the centre; a 
cross-drain under the runway and a main outlet channel collecting" the 
total quantity. 

The catchment area of the whole runway is 900,000 square feet. 
Assuming 40 per cent, run-off this gives 60,000 cubic feet of water 
in two hours, or 0*83 cubic feet per second or cusecs at the main outlet. 

The capacity of each o4 the four lengths of side drajn, collecting 
water from the runway and delivering to the transverse system, would 
require to be greater than 0*2 cusecs at its low^er end, and the cross- 
drain greater than 0-4 cusecs ; the main outlet, would be designed to 
carry the total flow. 

3.. In developed areas, it is commonly possible to obtain direct 
evidence of maximum rua-o# by. an examination of local water courses, 
natural or artificial, serving the flats befoi*e joining any storm-water 



Percentage of run-off 

XjkXvJct L y 

5-min. storm 

2-hour storm 

Runway or landing lane : — > 



(a) Compacted soil 

50% 

90% 

(b) Gravel or crushed stone 

60% 

100% 

(^) P.S.P. over sand 

25% 

50% 

(d) Bitumen surface 

90% 

100% 

Apron or flight strip : — 



(a) Sand 

20% 

1 40% 

(6) Loam 

40% 

60% 

(c) Clay 

60% 

90% 

Natural soil :■ — 



(a) Sand. 

20% 

30% 

(b) Loam 

40% 

60% 

(c) Clay ' ^ 

60% 

90% 


channels from higher ground. In undeveloped countries any area of 

— airfield sites, without .deep erosion channels, 
IS likely to have a low run-off. 

The importaiff^storm is the one , that ..lasts Io.ng e.nou.gh' for .water 
lallmg on the^ farthest portion of the runway to reach the outlet. Time 
of concentration is the essence of design of storm-water or sub-drainage 
of runways. ® 


Section, 50'.-— SURFACE DRAINAGE • ■ 

^1. The ^vo purposes of surface drainage, • which may be of open 
oi sub-drain type., are the rapid collection and removal of "water falling 
on the operational surfaces, and the prevention of flooding by water 
\vhich might flow from any source on to portions of the field in use. 

2. At safe distances from the cleared areas or where they do not 
constitute the only obstacle, big open ditches can be advantageously 
employed, not only to intercept all ground and surface water and to 
act as outfall ditches, but also, at times, to assist in lowering the 
water-table, with good results upon soil stability throughout the 
airfield. 

3. Generally speaking, military engineers are better equipped to 
undertake rapid work upon open ditches than for the production of 
materials for sub-drainage schemes. Difficulties commonly arise in 
the rapid provision of graded stone, piping, tiles, or improvised 
channelling. The utmost use should therefore be made of open designs 
consistent with safety, a policy followed with advantage by the U.S. 
Aviation Engineers in Mediterranean areas. 


Section SL—SUB-SOIL DRAINAGE 

1. Sub-soil drainage, unless incidental to surface drainage, has 
seldom been adopted in the construction of military airfields* Facilities 
and time are too short. Direct measures to improve subsoil or thicken 
base-course gain ready preference • over indirect and speculative 
alternatives. Further, soil and water characteristics and disposition 
rarely justify its use. Only soils with a clay content less than 40 pe» 
cent., a volumetric change below 30 per cent^fnd a liquid limit under 
40 per cent., can be effectively drained by wb-soii drains. 

In’ certain regions or on some parts of existing airfields it may 
nevertlfeless prove the only satisfactory method of maintaining soil 
stability. 

It may be necessary to deal with water percolating through a 
runway, inadequately sealed or of a gravel type ; to intercept sub- 
surface water percolating from higher ^ound ; to remove water liable 
to cause damage through frost action ; or to lower the water-table of 
the field. 

2. A full saheme of runway subsoil drainage would involve the laying 
most commonly, of a herring-bone system of concrete or earthenware 
pipes, butt-ended with J-inch open joint. The top half of the open 
joint should be covered with a clay sausage ** to prevent infiltration 
of silt. Pipes, of 6-inch minimum diameter, should be laid at depths 
of 3 to 4 feet, according to the permeability of the soil. Laterals, 
35 to 75 feet apart, would discharge into side-drains, about 5 feet deep, 
at the runway or shoulder edges. ' 



UTON SOIL. SYRIA 





51 



DRAINAGE ON BOMBER AIRFIELD WITH PIPING UNDER 
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These side^toms may then have porous 

If for subsoil water' only, the top portion could be 
an impermeable „,nwav like the culverts discharging 

fromtnfsMe'ofrr^wIy to the <Sher. must obviously be of the 
best standard of construction. 


• Section 52. — ^MOLE DRAINAGE , 

MCI. ^ i. — y .. 

lS1ofS^JSa“So™?*»»itab£.i.r i« »e. the ™o,e 

w,y .tfsss T.r.id 

plough consists of ^ Attachment to a tractor. This 

”33uS?.r2S“h£.‘S sst 

|5 o«o .r 

A close compact clay soil gives the best results. 






Section 53.-TYPES OF DRAIN NEAR RUNWAYS 
1. Common types of drain to remove water from runways and 

strips are : — , . i 

(a) Open shallow, and wide V-ditches. or saucer drams, along 
^ ’ the outside of the shoulde> or flight strips of emergency 




service. , . 

(b) Filled rubble or pipe su]j-drams along the f ^ 

over which aircraft can run on to the shoulder or flight strip 
wfthout mishap. 

2 Open ditches.— These nosmally will be not less than 25 yards 
f„m tt.“«nw.y edgo. They should b. » <»* “ ‘b”;' 

Of serious accident if run over in dry weather In wet weather it is ^ 
probable that the uncompacted cleared area 

impassable for taxi-ing and unfit for emergency landing. aitchcs 

would not therefore appreciably increase the iisks of accident 

^Tn^North Africa, where open ditches have been common practice 
in the pre-winter programme, the ditch has a maximuin depth 
2 feet gained in a transverse slope of 2^ per cent, on the ^80 f 
uncompacted graded strip outside the edge of the shoulder . 

In India the “ Saucer ” drain, an almost invisible valley drain, with 
a maximum depth of 3 inches in 100 feet, designed to give no danger on 
lanHing or taxi-fog is specially favoured. One such saucer would dispose 
of 4 inches of rain per day 4rom a whole runway. - 




3 Filled rabble or pipe drains. — ^The degree of security is the 
measure of work and materials. The best form of runway side collector 
is the onen iointed pipe, of 6-in. minimum diameter, m a stone- 
filled trench. This type is much less liable to lead to the tormatibn 
of dangerous cavities than the plain rubble or stone-filled French 
drain, apart from the greater freedom from choking and loss of 
capacity. See Fl^t© 15^ ^ ^ 
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Plai^ 15— types of AIRFIEI-P DRAINS 
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For pervious back-Wimg ot drams, locai srone suppue& auu cugmwruig 
facilities will govern the specification, in the light of soil and ^ 
contour characteristics. Crushed rock, slag, grawl, ■ oyster shells, 
and many other- hard durable materials,., .with a Mgh .percentage of 
voids, can be used. For graded stone, the best sizing is from 3 inches 

^ . min.imuiTi to 6 inches maximum gauge. 

The filling of the top 6 inches is particularly important. Preferably, 
tins should be composed of well-graded 2-inch to 3-inch stone, con- 
solidated with bitumen to avoid displacement. This capping must 
be strong,- but pervious. Man^^ soils demand the. adoption of slab 
lining of drains, to check The erosion of sides and the choking of porous.... 
fill "im-provlsation and salvage, in -operational areas, may provide 

■ adequate methods of making a secure drainage- channel. Hollow^ .tile . ^ 

bricks, empty oil drums, old tiles, slabs, and bricks are commonly 

■ - used. ' ■ - 

Trenches to carry piping should be 12 inches wider at the bottom 
than the pipe diameter. Pipes must be carefully laid upon a firm , 
and porous foundation, true to grade. ^ 

Section 54.--METHODS OF CONSTRUCTION 

1 . Open ditches may be cut with a motor grader, angle dozer, scraper, 

power shovel or dragline, according to the cross section required. 
Narrow ditches for pipe or French drains are excavated by ditchers 
and by hand-labour. Work must be done closely to grade to obviate 
heavy trimming of humps or backfilling of depressions subsequently. 
Sometimes it will be necessary to revet the sides of the drain tem- 
porarily, until the piping, stone and back-fill are in place. ^ 

2. When niatural impervious soil is back-filled, for sub-surface drainage, 

the material must be compacted in layers as thoroughly as in the / 
filling of a runway bomb-crater, if liable to be crossed by aircraft. 
Gravel or stone used for porous fill must be w'-ell selected for its function, 
the coarsest grades going to th<? bottom. Good work in pipe-drain 
constructioi* is best evinced by the true and stable bedding of the 
pipes upon a well-graded durable and porous foundation. In French 
drain construction, with heavy •stone packing or open tiles for the 
main channel, the chief danger is cavitation, leading to weakness at 
the surface, and to choking, liable to cause complete local failure 
of the system. ^ 

Section 55.— OPEN VERSUS COVERED DRAINS * 

L One of the most controversial questions associated with the 
drainage of operational airfields, as opposed to peace-time practice, 
concerns the relative merits and defects of open and covered drains. 
Demands for safety and economy may seriously conflict. 

2. Consider the simple case of a paved and sealed runway on loamy 

soil, of a type liable to rapid loss of stability under rain. The apron 
on each side is of compacted base-course material, with a width of 
75 feet. • • 

3. If a French or pipe drain runs adjacent to the runway, the apron 
is subjected only to direct rainfall and will dry out rapidly. If there 

, is no such interception, the run-off water flows over the apron, probably 
■with, detrimental effects, which will greatly retard its return to servfce V 
in emergency. Any channels cut by the flow could be readily repaired 
by maintenance parties, but time for infiltration and evaporation ^ 

surface stability. 



-C.G.I. SHEETING* TO CHECK INGRESS OF SUBSOIL 
MACADAM RUNWAY 
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(c) Masonry flume, 11 inches wide running 12 inches deep. Flow 

l-lScusecs. 

(d) Earth saucer drain, 3 inches deep and 100 feet wide. Flow 

4*2 cusecs. 


(a) French drain, with two tiled channels of 7 inches by 5 inches. 
Flow 0*16 cusecs, apart^^om flow through back-Sil. 

(5) 6-inch, well-laid, concrete pipe, for seepage. Flow 0*08 cusecs. 


>r ^ 


4. The safetj* of the sub-drain, mtli its porous capping desig^ied to 
carry hea^-y lo^s, may be more apparent than real. The beha^our 
of fte trench rrall under the scouring action of flood water is doubttui 
-.rithout the test of time. On the other hand, the bad features of the 
open shallow ditch are obvious, the danger to aixcr^t, m cert^ 
circumstances, and the inevitably narrow undth of the flight-strip, 
unless open-drains of the V-type are to be made unduly deep. ^ 
Such open drains are more dependent for their success upon favouraHe 
airfield contours than the French drain, because of more exactmg depth 
restrictions, and it is more urgent^for open drains to dry out quickly, 
to avoid dangerously boggy conditions. 


5. Saucer drains are strongly advocated in India, in which countiy- 
drainage problems are often particularly acute. Such drains are shown 
to be useful, cheap, and efficient for removing storm water. They 
are developed from gently sloping ditches of the least depth necessa^^ 
for flow of water, by cutting their sides back at 1 in 200, gi\nng a depth 
of onlv 3 inches per 100 feet of breadth. In this form they are invisible, 
and their beds comply with standard requirements for safe taxi-mg. 
A layer of gravelling material may be required to make their surfaces 
more rapidly safe for taxi-ing across. Their use is claimed to be 
nothing more than grading the ground systematically to comply with 
drainage and landing requirements. Contours upon an area suitable 
for runways are often satisfactory for these shallow drains, but soil 
and rainfall factors need close study to^ avoid the possible creation of a 
long-persisting bog. 


6. The constructional advantages of open ditching are so substantial 
and the practical benefits so commonly attainable without undue risks, 
that its application, as widely as possible, should only be ruled out in 
favour of pipe or rubble drains for sound and urgent reasons, 

7. In all circumstances, where surface security is dependent upon a 
big drainage scheme, the maintenance service must be efi&cient and 
alert. 


Section 56 .— CAPACITY OF CHANNELS, CULVERTS, 
AND PIPES 


1. Formulae used for estimating the capacity of pipes and channels 
are given in Appendix VIII. 


2. Examples of practical conditions in India are given in the following 
results, based on a formula introducing constants for diflerent types of 
drainwall. (Slope 1 in 1,000) : — 
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3. Tlie. low gradient of 1 : 1,000 would -demand good workiiiansliip, 
.Where physical conditions allow, gradients of not less than' 1 750 
are , recomniended, at the cost of more frequent sub-drains or, other 
diversionary channels. But mo fixed rules can be laid down witho:ut 
detailed .consideration ofdhe layout and contours as a whole. , 


Secxion 57.— incidence OF FROST 

1. The ill-effects of .frost action a.re .well known, especially in Western 
Europe,* where the heaving of road and airfield surfaces by direct ice 
action, and the break-up of stable surfaces upon the thaw are common, 
phenomena. The danger is most acute when the water-table is .near 
the surface and when the soil is of a consistence or disposition conducive 
to .the. form.ation of ice layers. 

2. Lowering of wmter-table may call for first consideration, for it is 
within the capillary fringe, reaching several feet above the water-table 
in finely textured soils, that the harmful ice deposits form. 

3. Clean sand and gravel freezes homogeneously without the growth 
of ice layers, whilst irregular silty sands, silts, and silty clays constitute 
the most troublesome type, unless well drained. 

4. Sub-soil drainage, below the depth of frost penetration, may 

be essential for security, combined with major schemes for dropping 
the vrater-table. * 


Section 58.-— WATER-TABLE 

.* . 

1. Ground water investigations should determine the depth of the 
water table, below datum, at a sul^cient number of points to allow 
the production of a water-level contour plan as a basis for drainage 
planning. The contours correspond, as a rule, with the configuratioR 
of the surface. 

False water-tables may be expected in ground containing layers of 
impervious soil. Such conditions cause trouble unless the impervious 
catchiSent can be broken down readily by making outlets to a lower 
porous level. 

2. Evidence of a rise to a level liable to weaken the sub-soil under 
paving may not be easy to obtain in the course of a soil survey. Whether 
the question is of importance or not will be clearly disclosed by local 
investigations. 

Plant life may give guidance. If the yvater-table, on flat ground 
suitable for* airfields, rises to within % or 3 feet of the surface, there 
will be an absence of cultivation. 

3. In dealing with a high water-table below a prospective runway 
liable to weaken the sub-soil, the chances of stability can be improved 
by intensive sub-soil drainage, by a major drainage scheme affecting 
the whole area, or by providing an underlay and base course of a thick- 
ness calculated to spread the wheel-load adequately. 



Section S9.^€ATGHMENT METHODS 

1 Concrete catch gutters and.'.inverted" crown runways have both 
!)eeii in use upon all-weather airfields iii operational areas abroad 
Although unlikelv to be further employed in war, the systems are based 
on instructive principles which throw light upon other expedients. 

2 Concrete catch-gutters, along each side of the runway, have been 
constructed, 12 feet wide and 3 'inches deep 4 inches thickness of 
cfMCfete on 4 inches consolidated underlay, in 20-feet bays. Water is 
discharged into main side drains at suitable intervals. These shadow 
drains can be designed for a safe run-over by aircraft, but the inflexibility 
of the layout, necessarily conforming closely to runway gradients, 
restricts the application severely, (See Plate 15.) 

3. .\ii all-weather runways Avith an inverted crown has the obvious 
advantage of dealing rapidlv with the runway catchment through a 
single drain. The defects of this concave section are the necessity for 
catdi-pit covers along the runway surface, the need for high efficiency' 
in the sub-drain construction down the middle of the rumvay, and the 
chance of a considerable quantity of Avater along the centre trough 
during rains. There should be no miiddy^ AA'ater flowing on to the 
runway from outside. The provision of an outAvard slope to berms 
and aprons is simplified by the profile across the strij), Avhich will shoAv 
a natural Avatershed along either edge of the runway “basin," if 
constructed on level ground. 

4. Designs for catch-pits and junction boxes of flush type follow 
accepted ciA'jl practice for comparable demands. In airfield Avork, the 
prime consideration is strength of cover and seating, to minimize risks 
To aircraft taxi-ing or running over these numerous inlets. Covers are 
commonly' made in reinforced concrete or selected dense timber, free 
from knots, in place of cast iron or steel grates. Many minor accidents 
iiave foIIoAA'^iid bad Avorkmanship or failure to provide a big safety- factor 
in design. 


. SectioxX 60. ^airfield SPECIFICATIONS 

1. Specifications commonty given in England : — 

{a) French drains ; porous concrete pipes ; open joints ; filled with 
2 to 3 inches hard core, lightly consolidated to within 6 inches 
of surface, along tracks, and 4 inches along runw^ays. 

(b) Aprons, betAA'een concrete runAvays and drains, in tar macadam, 

2-2J inches thick. 

(c) Drainpipes. Glazed ware or concrete. 

(d) SoakaAA^ays. — ^Walls 9 inches thick, honeycomb brickwork, 

corbelled over on two sides and set on 9-inches concrete founda- 
tions, 1 foot 9 inches wide. Cover door with 4-inch pre^cast 
reinforced concrete slabs. 

(e) Manholes. — Foundation slabs 4 inches thick, if under 6 feet 

6 inches deep, and 6 inches thick for greater depth. 

(/) Walls, 9 inches thick. 

2. Construction of covers liable to be accidentally run-over by 
aircraft, calls for the closest inspection. 
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■'..CHAPTER 7.' 

' BEARING CAPACITY . 

■ Section 61.— GENERAL ' 

■■■;,'. 1. .Reliable .methods have been developed in. .the U.S.A. for 
, .determining, the bearing capacity of soils in the field. A large and 
rigid.circular .plate approximating 'to the., size of the area of ■ contact 
of an aircraft t3rre is placed on a carefully prepared base., and the load 
required to. produce. a 0-05-inch deflection determi.ned. The Modulus 
of Sub-grade Reaction.,” w.hich is the stress required tO' 'produce 1-iiich 
deformation, is calculated by proportion. This . p,rocediire is based 
.. on the fact that ^ over this small range of deflation the soil behaves 
very nearly elastically. From, a knowledge -of the sub-grade .reaction, 
the necessary thickness of pavement can be determ.ineci from design 
■■■ curves.' 

, 2. An apparatus has been recently developed in England for the 

. rapid detennination in the fi,eld of the shear .strength of clay by means 
of . unconfined compression ■ tests. From the results obtained, the 
....thickness ..of pavement required to reduce the stress in the sub-grade 
soil below a safe value can be calculated or read from curves. The 
range of soils, to which this test is applicable, is limited. 

3. The empirical method adopted by the California Division of 

Highways employs a test termed the '' Bearing Ratio ” and has been 
extended by American Engineers for use in the design of airfield pave- 
ments (for which purpose some modifications of the original test 
procedure have been necessaiw). Details of this practice are given 
in Appendix VI. " 

4. All such tests should be made at a density comparable to tiiat 
obtained in construction, which involves special difficulties in regions 
of marked seasonal variation. 

Section 62.~LIMITATI0NS OF PRECISE METHODS 
Such precise methods are applicable only to the finer estimates 
required for heavy and permanent .construction. After an accurate 
estimation of the thickness of pavement to spread the load, highly 
speculative factors still remain for determination, which lead to the 
adoption of some arbitrary factor of safety, reducing the practical 
value of precision in any basic calculation. These unlrnowns include 
'the ‘fall in quality of sub-grade with ingress of water, the intensity 
of trafec, and the landing impact forces, apart from the ruling un- 
certainty of ultimate wheel-loading for wliich provision should be 
made. 

Section 63.— OPERATIONAL RISKS 
L Under operational conditions, risks will be taken in order to 
attain maximum speed of work and economy of resources, at the 
cost of heavier maintenance. Thick pavements and base courses 
are rarely practicable. The stabilization bf the natural soil and the 
retention of its bearing strength bdcome the primary^' aims. Thin 
pavement courses, involving minimum tonnage and transport require- 
ments, are adopted wherever practicable. These may be of high 
flexible type, waterproofing and thus maintaining the natural strength of 
the soil ,* or of semi-rigid type, such as pierced steel plank, giving a 
fairly durable wearing surface and distributing loads in some useful 
degree. 
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2. Nevertiieless: it is the. duty .of engineers to. make thorough field, 
observations to .throw light, on bearing . capacity, in. support of any 
laboratory determinations, ' The ■add.itional information , obtained will 
be the more significant wherever conditions appear to be in the balance, 
and. w,here evidence gives warning of .serious deterioration .after rain 
or ■wdth, rising. water table. 

Section 64.— PRINCIPLES 

!• The unit pressure on the surface approximately _ equals the 
aircraft tyre pressure. The unit pressure on sub-grade is less than 
this because the load is spread over a greater area, dependent .upon 
the thickness of the courses laid. Thickness is increased until the 
wheel load is delivered to a weak sub-grade at a safe unit pressure. 

2. Except for rigid pavements, the distribution of load depends 
mainly on inter-particle friction. The effective.ness of. this distribution 
varies widely with the shape of the particle, and the degree of compac- 
tion or intimacy of the contact between the bearing surfaces, A rough 
working assumption, for a non-rigid pavement, is that the efiective 
loaded area is increased by the projection outwards of the tyre contact 
area, in bell-like fashion, at an angle of about 45 degrees through 
the pavement. Thus, a load bearing upon 6 square feet at the surface 
is carried, below a 6-inch pavement, by 12 square feet at the sub-grade. 

3. It can be established that settlement under the same unit load 
varies roughly as the square root of the loaded area, with allowance 
for differences of cohesion in various soils and materials. Alternatively 
expressed, the strength of pavement or base required varies roughly 
as the squafe root of the wheel-load, for certain fighters and 
bombers as 120: 180. 


Section 65.--^FIELD TESTS 

1. In field tests of bearing capacity, it is desirable to reproduce, 
as closely as possible, the load and bearing surface represented by 
the type of aircraft in view. Without special mechanical apparatus, 
a heavily loaded lorry, low-loader or transporter, with highly inflated 
tyres, is the most practical means of obtaining contributory evidence. 

2. Other methods of field-test include the use of a strong three-legged 
table or stool, of a size and with leg cross sections to suit expectable 
results. Upon gradual loading until failure of ground support is 
observed, valuable guidance can often be obtained and, for certain 
types of cohesive soil, a fair measure of accuracy. 

3. Officers concerned with airfield design can develop their soil 
sense and ability to judge bearing strength by repeated use of a strong 
staff, tipped with a cone-shaped metal prod of about 2 square inches 
in cross-section. By applying 70 per cent, of his weight in a downward 
thrust, a man will be able to* apply a pressure of about 60 1 )^ p^^r square 
inch. A similar staff of 3 square inches, with a cross-bar allowing 
two men to impose their weight, a pressure of 70 to 80 lb. per square 
inch can be developed. 

4. The interpretation of results is based on experience gained by 
''matching” tests, on a range of comparable soils of known com- 
position and engineering characteristics. 


CHAPTER a ’ 

: SOIL STABILIZATION ' 

Section 66.— GENERAL 

1. Stabilization is a wide tenn covering any method of developing 

and maintaining the capacity of a soil to resist distortion under wheel- 
load, or displacement- under the tractive or braking effort applied 
to a wheel. In airfield construction, stabilization methods are applied 
to:— ^ ■ 

(а) A natural surface to create a durable landing area with or 

without the addition of a prefabricated mat ; 

(б) a base course, below steel .planking or any t^^e of surface 

pavement ; 

{c) a surface course. 

2. The common methods of stabilization applied to airfield work 
may be classified as mechanical, bituminous, cementing, or miscel- 
laneous (including experimental chemical agencies). 

Particulars of work done in airfield practice are given under the 
head of Specifications in Chapters 13, 14, and 15. 

3. The use of portable steel mats and waterproof carpets is a form 
of stabilization in its widest sense. 

Section 67.— FACTORS INFLUENCING METHODS OF 
STABILIZATION 

For all soils and aggregates, methods of stabilization are related 
to the following factors : — 

(a) Grain-size distribution or grading. The closer a soil or aggregate 
approaches the ideal sipooth grading curve of proportional 
grain-sizes, i,e., the better the '' grading,'' the less the voids 
and the denser the mixture. Soil stabilization involves the 
mixture of complementary materials vfith the natural soil, 
in order to increase the* efficiency of compaction. 

(5) Particle shape. The more angular the fragments, the grater 
the natural internal friction between particles. Angular 
crushed rock, when consolidated by rolling, has high internal 
friction and becomes relatively stable. Inversely, rounded 
^ particles are unstable, as clearly demonstrated by the 
behaviour of wind-blown sand of equal sizing in the sand- 
bitumen mix process, with the addition of finer grades. 

(c) Compaction. This is applied, most effectively at a controlled 

moisture content, to develop internal friction and cohesion. 
Compaction aids run-off* and evaporation. At maximum 
density, the soil does not readily absorb more moisture. 

(d) Restraint or '%oxing:' The stability of any load-carrying 
'‘^layer^is affected by the ^degree of restraint to distortion by 

adjac*ent soil, as evidenced by the behaviour of non-cohesive 
soil under metal track, -with a carpet of coir matting, heather, 
palm leaves, etc., or under bitumenized hessian. 

(e) Binder effect. The inherent stability of soil or aggregate" 

mixtures is increased by the additional binder, effect of 
cement, bitumen, or other agents, 


Aid* 



Section ■■■■i38..->^MEGHANIGAL'G 

L Hie most conmoB; and, ^impo'rtan^ method : of ■ stabilization ib 
laechaiiical compaction, .'."The fundaineiital priiiciples.must .he,, under- ■ 
stood thoroughly' "hj^ ■.all , ' engineers responsible,, dor reconnaissance 
construction, or maintenance, , . 

Application of correct methods mil, reduce tonnage demands' to a 
minimum or improve the' . prospects of- .effective service. Sound 
knowledge is .' also necessary to' ' avo,id .needless work. Time : has. 
tccasionally , been ' wasted upon scarifying, watering and .rolling a 
natural surface of more than adequate strength for the ser\dces .required 
in its natural state, ■ 

^ 2. The following analysis, of the main factors of ' soil, compaction, 

is based upon reports by the Road Research Laborato.ry 

(a) The bulk density of the solid particles in the soil, commonly 
termed the ^"dr}' density/' is a measure of the closeness 
of packing of the soil particles and hence of the state of 
compaction of the soil. 

{b) This density can be measured in the ffeld, and compared with 
the results of laboratoiy^ tests, in %vhich a standard amount 
of compaction is applied. 

(c) In general, compaction expels only air from the soil. 

(d) With soil of given moisture content, density increases with 

the amount of compaction at a decreasing rate until com- 
paction becomes difficult and a limit is reached. This occurs 
where only about 3 to 4 per cent, of air is left in the soil. 

(cj With soils of varying moisture content, to which equal amounts 
of compaction are applied, a certain moisture content exists 
at which a maximum diy density is obtained. This moisture 
content is termed the Optimum Moisture Content/' 
l/j Both maximum density and optimum moisture content vary 
with the type of soil and amount of compaction applied. 
ig) Extra rolling only benefits soils rolled at relatively dry consistence 
at moisture contents below the optimum. 

{h) In general an increase inHhe compacted density increases 
the strength and stability and reduces liability to settlement. 
The capacity to absorb water decreases with an increase in 
the dry density. 

(?) In general, the effectiveness of all compaction equipment 
* decreases with increasing depth of soil ; hence the importance 
of compacting soil in thin layers. 

(;) Compaction equipment is of three classes : — 

(i) Rollers : Smooth steel-wheeled rollers ^ 

Pneumatic-tyred rollers (wobbly-wheeled) 
Lorries and other vehicles 
Track-laying tractors 
Sheepsfoot rollers 

(ii) Rammers : Gravity 

Internal combustion 
Pneumatic 

(iii) Vibrators. 

(A) Of timse various types of compaction equipment,*" ramming 
IS enective on both cohesive and non-cohesive soils. Rollers 
are effective mainly on cohesive soils, and not on loose 
cohesionless soils. Vibrators are effective on cohesion less 
soils, such as loose sand, but are not effective on cohesive* 
soils. 

{/) The admixture of stone, up to about 50 per cent., has httle 
ehect on the moisture-density relationship of the soil mortar, 
tne aggregate acting mainly as a displacer. 
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; ^Section : 69.*-^FRA€TICAL STANDARDS ' ' 

L A soil compacted' to 'maximum density iias a substantially lower 
absorptive capacity for water: and its stabilit}y. is 'little., affected' by 
evaporation, unless a non-cohesive t3rpe. 

,2. A standard of 95 per cent, maximum density or 95 per cent, 
compaction, (U.S.A.) 'is commonly specified for work, wdth .sheepsfoot 
rollers, on base courses and runway shoulders, and 90 .per cent, for 
fills in the .foundation. 

. ,3. For determining the compacted density' attained in^ the field, a 
cylinder of compacted- soil is removed from the formation and weighed 
against the measu.red volume of the hole, for comparison with laboratory." 
standards. 

For guidance, a few standards of maximum density are : — 


Type 


Heavy clay 
Sandy clay 
Sandy soil 
Gravel I}" soil 


Weight’ 
lb. per cu. ft. 


90--100 

214 

120 

120--130 


4. Optimum moisture can be roughly tested in the field bv cupping 
a sample of the soil betw^een the hands. If it forms ,a compact ball 
and holds together, the soil is near optimum. If, when the sample 
is squeezed, water exudes or the ball takes a shiny appearance, it is 
too wet. If the ball breaks apart easily, it is too dry. 


Section 70.— BLENDING ‘SOILS 

1. In order to obtain a well-graded soil capable of effective com- 
paction, it may be necessary to blend the surface deposit with other 
material from borrow pits or neighbouring sources. 

2. Proporaons to be used in preparing trial mixes are guided bv 
comparing characteristics of the individual materials. For sands and 
gravels, a gradation curve resulting from various proportions is first 
calculated. For a mixture of sand and clay, an indication of desirable 

, proportions may be obtained in the Mobile Laboratory from the 
plasticity indices of the two soils. 

3. With experience, the general type of complementary soil required 
for improving the existing surface can be judged roughly by observation 
pending laboratory guidance. The “ feel '' of a mixture of clay and 
sand soils will often indicate to experienced engineers \vhether the 
necessary grittiness has been acquired to allow friction to develop 
between particles. 

4. Example of soil stabilization— South-west Pacific area 


(«) 


Clearing vegetation and top soil .- — Kunai grass was cut by hay 
mower or burnt. ^Cut debris, and top layer of roots, and 
humus were then ploughed into windrows by a nfbtor grader 
and pushed back by Bulldozers. The remaining top soil 
(loam) was then cleared by scrapers and bulldozers and placed 
in stock piles beside the strip. 

The naturaUy level site required very little grading 
The porous subsoil required no drainage except where silt 
pockets <^urred. These had to be cut out and back-fiUed 
wnth sand surplus soil or borrow pits. Formation was 
then griaded '''by 
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{c) '--“Consisted of . stabilized ridge sand {70 per cent, 

, to, 85 per cent.) obtained from local borrow pits, and top soil 
loam (30 per cent, to 15 per cent.) laid in three 5-mc!i layers, 
each mixed, in situ and consolidated separately. Sand was 
spread by tipping lorries, in a layer about 4 inches, thick, 
and sufficient top soil loam, taken from stock piles, was spread' 
on top of the sand by bulldozer. The composite layer was then 
, mixed and, consolidated by disc, harrow, rotary tiller, sheeps- 
foot roller, pneumatic roller and motor-grader wwkiiig in 
a gang in that order. Water w-as added if necessary?-. This 
process was repeated three times and resulted in a stabilized 
base course about 12 inches thick. 
id) A seal or priming coat of No. 1 Tar was sprayed on hot. 

(t^) A wearing course of river gravel was then laid in two layers. 
The first layer, material passing the |-inch mesh, was laid 
at 1 cubic yard per 60 square yards ; the second, material 
passing the |-inch mesh, at the rate of 1 cubic yard per 
120 square yards. After each layer was spread it was sprayed 
with hot bitumen at the rate of 0-3 gallons per square ykrd 
and rolled. The surface wms finally dusted with grit and 
rolled. 

CHAPTER 9 

AIRFIELD CONSTRUCTION METHODS 

Section 71. — GENERAL 

1. In any theatre of war subject to unfavourable vreather conditions, 
methods of construction are governed more by soil characteristics, 
climate, and technical resources than by type of aircraft served. There 
may be little difference between the engineering requirements of a 
forward airfield, constructed on soil of low bearing capacity, and of 
a bomber or aii'-transport station on the L. of C. or near the Base. 

Exacting demands imposed by heavy wheel-loading ^upon bomber 
airfields are often balanced by better geographical opportunities for 
the selection of sites with stronger sub-grade. The comparatively^ 
small requirements for advanced landing grounds may eventually 
involve a heavy engineering task, because of unfavourable spil, 
difficult drainage, and the great seriousness of any spell of unservice- 
ability, however short. 

•Urgent fighter landing strips at Foggia were constructed approximately 
to tlib same specification as the all-service runways at Maison Blanche, 
which was the busiest airport in Africa. Heavier specifications vrere 
adopted in the construction of typical fighter runways in Palestine than 
of bomber airfields in England. 

2. Advance provision. — Methods of construction can be grouped 
effectively by the different produces constituting the principal agents 
for binding, stabilizing or covering the wearing surfaces. Supplies 
demand provision by long-term planning and their selection influences 
the train!hig of the engineer troops responsible for construction in 
the field. 

Mechanical equipment required for clearing, grading, compacting 
and stabilization of sub-grade, and for the drainage of airfields, 
- represents a supply of comparatively small variation. Ail main types 
of plant will nearly always be needed, varying in ratio only, in accordance 
with regional differences of soil, contour and vegetation. 
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In general, principles and practiee coiifonn, closely to, tkose, . of road, 
construction, thus simplifying demands in, war,, for supply, mamtenance 
and pooling of essential ■ equipment and' for the ,tra.mmg' of operators 
in the field. On the ■ ■other hand, the surfacing of airfields is a more, 
variable task, which .introduces a iiiimber , of iie>v problems .peculiar 
to aircraft needs. 


3. Trend of policy. — In spite of co,nstant .increases in weight, of 
. aircraft,' the trend in recent engineering practice, for military, airfields,, 
has been in the direction of lighter and. more flexible pavements for 
short or medium term use. The tende.ncy has been to help, the sub- 
grade to carry the full ' unit load, while the superimposed material 
maintains the strength and quality of the sub-grade, a,nd provides, a 
wearing surface of suitable texture. 

■.■War restrictions in plant and transport have played a part' in the. 
growth of this doctrine. Less materials and machinery . will generally 
be used in raising the bearing capacity of a soil than in providing' 
thickness or strength of pavement to reduce the unit load imposed 
upon it. 

Technical progress has been largely induced by the growth of 
aviation. 

Equipment for earth-moving and compaction, produced on an 
unparalleled scale, has been improved in efficiency and scope, and 
many advances in technique are resulting from a better co-ordination 
of practical experience and scientific research. 


4. Formation work.— The bulk of the preparatory earthwork 
done upon a new airfield site is of the same type, in a given locality, 
for all methods of surface construction. A level surface of the highest 
economic strength, with thorough drainage, will be required whether 
the area is to form a natural landing ground or is to be covered with 
a portable mat or a heavy pavement. 

For detailseof technical work on formation, reference should be 
made to Military Engineering, Volume V, Part I, Roads. Only a 
few outstanding features are outlined below : — 


5. Grubbing and clearing. The need for clearing timber and 
other heavy’’ vegetation is rare in Europe, compared with Southern 
Asia and other tropical countries. The clay or loamy soils characteristic 
of favourable flats in Western Europe are commonly reserved for 
pasture or the cultivation of crops. Small work on hedges, shrubs 
and other light vegetation, and on boulders is common. Light 
vegetation may be cleared by hand, by rooter or angle-dozer of 
appropriate capacity. . 

Heavy grass is cut by tractor or Jeep-drawn mowers. If practicable 
It should be left about 6 inches high by setting the mower-blade as 
lugh as possible. Burning of grass, though sometimes practised, is 
liable to leave much ash, and. render the soil more friable and dusty. 
The easiest way to clear small trees, growing densely, is usually to 
sling a 1-inch diameter wire rope' between two bulldozers and drag 
the rope over the area to be cleared. Power saws are efi&cient for 
imedium stems. 

All heavy roots, stumps, etc., should be grubbed out to a depth of ' 
,, 12 inches below the natural or the finished surface level. Grub-holes 
must be carefully fiUed in, layer by layer, to aUow thorough compaction 
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In the Pacilic Islands the clearance ,jf vegetable debris and huiuu.s 
IS a heavy preparatory task. Where the undergrowth and creepers 
are very de^e, the ground is usually too sivampy for runwavs but 
it maj- still have to be cleared for approaches and taxi-tracks." 

Large trees are felled by cutting or explosives. If trees are to be 
subsequently grubbed, height of stumps should be 2 to 3 feet Grubbin^' 
and clearing can generally be started before lavont is fixed in detnif 
Plant should be sent forward early. 


h. Frequency of tasks order of importance airlielcl work rom- 
prises predominantly: — 


(a) Grading to levels, with motor grader and le.ss frequently with 
tractor-drawn grader. The motor grader is the airfield 
engineer s most valuable item of war equipment, because of 
its capacity, adaptability and mobility. 

ib) Rolling with Diesel smooth steel, tu'o-wheel tandem or three- 
wheel road-type rollers; also with multiple-wheel rubber- 
tyred rollers. 

(c) Scraping, with cariy-all tj^pe scrapers suitable for the medium 

hauls typical of airfield work. Roll-over scoops are little used. 

[d) Scarifying, and compacting with sheepsfoot rollers for a 








r 
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Plate 20 .— MOTORGRADER' AND SHEEPSFOOT ROLLER-PREPARING LANDING GROUND 
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The sub-grade is brought to required lines and grades after earthwork 

is roughly completed. ■ • 

If there is time and need; for Tieavy improvement of ^ sub-grade, 
to serve the subsequent . coverage decided upon, , the, entire., area is 
scarified, to a depth of abo.ut 9 inches. It .is then^ moistened to 
approximately optimum moisture content,: by .sprinkling, , and .nom-. 
pacted with a sheepsfoot or pneumatic tyred roller to nearly maximum 
density, AH soft and yielding material which does not cornpact readih' 
under rolling is removed and replaced with select material and com- 
pacted. The sub-grade is then fine-graded, using motor grader, and 
finally compacted with fiat-wheeled rollers. 


■■ 7. Plant available in operational areas,-— Forming and: grading 
plant carried by the two Road Construction Companies of an Airfield 
Construction Group in the European theatre of operations, 1944-5, 

included : — 


Tractors, Class IV Angle-dozer and P;C.U. * 4 

Tractors, Class II Angle-dozer and P.C.U 12 

. Scrapers, 8-yard ' ...■ ... ..... . . . 8 

Motorgraders ... ■' ... .... ■ ... ... ... 4 

Graders, blade, tractor-drawn ... ... ... 4 

Rollers, 6-ton ... ... ... ... ... 8 

Rollers, sheepsfoot ... ... ... ... 6 

Excavators, lOR.B. |-yard (with miscellaneous attachments) 8 

The small number of motor graders was governed by the limitations 
of supply. 

For drainage, the equipment included ; Ditchers, plough-type — 4 ; 
Mole-ploughs — 4 ; Trencher attachments to lOR.B. excavators — 4. 


Section 72.— FACTORS INFLUENCING BASE AND 
SURFACE COURSE CONSTRUCTION 

1. General. — Before the war few English airfields w^ere constructed 
in concrete or igiacadam. Hearly all were turfed and given a maximum 
all-weather efSciency’- by good drainage and cultivation. 

To-day, as a result of war activity in regions of contrasting physical 
and climatic conditions, the methods of airfield surfacing in use present 
a very wide and diversified range of engineering, practice. 

Combination of methods, as with the laying of pierced steel planking 
on a hard-core base or of square mesh track upon bitumenized hessian, 
further multiply the j^ssibilities of selection. 


2. Operational factors, — The first considerations in choice of 
methcxi of construction are the related fact<)rs of time anci tcmnage. 
The time allowed may range from 

(а) two to four days for an urgent fighter strip, needing the most 

skilful exploitation of natural surface conditions, with or 
without the use of some form of light prefabricated mat. 

(б) Two or three months for a bomber airfield, of semi-permanent 

construction. * •• 


For 1,000 yards of runway, 50 yards wide, the quantity of imported 
or locally transported materials may vary from 200 to 20,000 tons. 

In all cases, engineer planning will have been necessary, long in 
^ advance, to ensure provision of special materials and equipment in 
adequate quantities. For hasty '' construction, the type of mat 
suitable for the soil and climatic conditions expected will have been 
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,, specified. ■ , For .deliberate work-provision will have been made upon 
an assumption of : the. suitability of different methods involving the 
use of bitumen or cement. Pierced' steel planking will appear as 
"1“' an intermediate expedient, suitable for less ‘'hasty'' A.L.Gs. or for 
less “ permanent " airfields for bombers. 

Broadly, therefore, the methods of work are governed by types of 
imported materials provided on general assumptions — as a 
rule under severe tonnage restrictions — and by the adaptation of these 
' ■.resomces to local conditions and materials, so as to provide the 
minimum acceptable facilities in the shortest time possible. 

The distinctive features of war-time construction are that an 
extravagant use of any resources readily available may often be the 
best practice, that planning on liberal lines will ofteii be necessary 
y without detailed knowledge of task conditions, and that a standard of 
construction involving ultimate demands for heavy maintenance will 
often be the most appropriate, if aircraft safety is not to be unduly 
^ impaired. 


3. Types of course. — ^The normal sub-division of runway cora- 
I ponents into sub-grade, base course, and surface or wearing course is 

I commonly inapplicable to war conditions. The sub-grade will often be 

I raised to a serviceable standard by the processing, or by the addition of a 

I prefabricated mat contributing little to the distribution of the load. 

I A typical cross-section of an airfield runway is shown in Plate 21. 

I Under favourable weather conditions, and when speed of completion 

I is of primary importance, nearly all t^-pes of base course can be made 

I fit for temporary service, without an additional surface course. Alter- 

I natively, a single course of suitable texture sand-bitumen mix) 

I can be readily made to fulfil both functions. 

{ Normally, the surface course is a " quality " and the base course a 
“ quantity " task, wherever their functions can be clearly defined. 

I Section 73.— BASE COURSES 

f 1 . Excluding prefabricated mats, specifications for the surface course 

I S give less scope for variation than for the base course, in the construction 
I of which a wide range of choice is often presented. 


2. Materials ax*e necessarily drawn from sources near or on the site, 
i Gravels, sands and crushed rock are most commonly used. Inferior 

y materials, suitable for methods of stabilization, may also call for 

' consideration. 

# 

I 3. A substantial base course is required when the sub-grade does not 

provide sufficient support for the loads to be carried. Bases serve also 
to stifle mud in the sub-grade, liable to work through and weaken the 
wearing course or to make the landing surface slippery. 

4. Nearly all sub-grades, even in desert areas, gradually accumulate 
moisture 'and get soft after they have been covered with an impervious 
base course — ^the degree depending on the soil, climate and effectiveness 
<.)f drainage. Softening is furthered by impact and by vibration of 
moving wheel-loads in certain parts of the airfield. The combined 
thickness of base and surface courses is designed to provide the neces- 
sary load distribution for the sub-grade in a saturated condition, unless 
the runway is only for temporary service during favourable weather. 





PAVEMENT 


STA61LIZE0 TO CAPR.Y 
OCCASIONAL PLANES 


PiTCM FROM 2.0 TO t>.0 DEEP 
APPRjOK: 2’^ Z SLOPE ON SIDE 
OF DttCH. 


: ^ASE 

TO ^4 CSRAOED LIMESTONE 
GROUTED WITH LIQUID WTUMEN (M.C 3> 
AT RATE OF 2/3 GALL SQ. YD. ^ 
KEYED WITH '/z' LIMESTONE 
CHIPPiWGS AND ROLLED. 


SUB^RADE*- NATURAL 
SOIL IN PLACE 
Ba% CX>MPACTI€»4 


CONSOLIDATED SURFACE SPRAYED 
WITH UQUID BITUMEN AT RATE OF 
CALL. PER SUP. YD. BLINDED WITH 
J^-DUST LIMESTONE AND ROLLED. 


CROWN FILL- 
NATURAL SOIL 
95% COMPACTION 


»i,AT.E 21.— TYPICAL CROSS-SECTIOjSI OF LANDING STRIP— NORTH AFRICA 
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5. Classlllcatioo of bases.— Methods of cdiistructioii commonly 
adopted for base and surface courses will be described , in Chapters '13 
to 16, giving practical examples of work done 'upon: a, .wide range of 
airfields in different countries. .An .accepted, G.la..s.sifi.catio.n .of base 
course ri'pes is as follows ; 


(e) Lean-mix rolled concrete , — In heavy construction, use can be made 
of lean-mix rolled concrete, which is intermediate in character 
between soil-cement and ordinary concrete. It is usually 
mixed in place and compacted with smooth-wheeled rollers. 
To enable the material to be rolled, it is essential to work with 
low water /cement ratios. With cement contents of lil- 15 per 
cent, relatively high strengths are attained. 

{/} Bituminous stahilized hose . — Constructed by mix-in-place or 
plant mixers, where suitable sandy soil is available on site or 
easily, imported. 

Consolidated thickness 3 to 6 inches, commonly 4 inches ; 
bitumen or tar about 1*5 gallons per square yard for 4''inch 
thickness. 


(a) Selected borrow material,— Used as.found, with little processing 
and compacted in layers 3 to 6 inches thick. 

(7;) Siahilked soil base and stabilized sub-grade,— A' mixture of 
materials of controlled grading and moisture content. Mixed 
in place or by central mixing plant, 3-inch to 6-inch layers. 

A wide range of materials would serve the above two types — 
such as gravel, sands, coral, shale debris, disintegrated granite 
or clinker. The dimensions of any particle should not exceed 
two-thirds of the thickness of the layer in which it is placed. 

After compaction and final shaping, a prime coat of bitu- 
minous material is applied, as soon as possible, by pressure 
distributor at the rate of J to | gallon per square yard. 

ie) Gravel; crushed roc/e.— -This is another form of stabilization, 
depending more on the particle size gradation of screened or 
crushed and screened rocks and pebbles, without necessity for 
such close moisture control as in (a) and (5). 

Built, to any thickness, in layers of 3 to 6 inches. The 
addition of a sand filler may be necessary to correct deficiencies 
in gradation. Rock particles must be of hard and durable 
composition. For material all passing 2-inch sieve, grading 
should confonn roughly to 

Passing 1-inch sieve ... 55-90 per cent. 

Passing No. 4 sieve (-^-inch) 25-55 per cent. 

Passing No. 200 sieve ... 0-12 per cent. 

{The fraction passing No. 200 sieve must not exceed 65 per 
cent, of the fraction passing No. 40 sieve.) 

[d) Cemenf stabilized Natural sandy or friable soil stabilized 

with cement; best suited to sites -where suitable soil liis on 
the surface, as in coastaPand desert areas, with adequate 
water available. 

Soil must be free of clay balls and organic matter. 

Cement is used at the rate of 7 lb. to 10 lb. and water at 
gallons per square yard per inch of compacted thickness,. 

A typical thickness is 6 inches. * 

Close control of ail work, under laboratory instructions, is 
essential. 



■MOBILE CRUSHINCx AND SCREENING PLANT ? 
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(g) Macizdam base . — .waterbound or, bitmiiinoiis : grouting. 

IV ^ This is a high quality base; built'*' of angular , crusbed stone 

^ or crushed slag in layers 3 to 5 inches thick... 'A base of this 

. ■ construction, to meet heavy static requirements, would repre- 
sent a surface .course under operational co,nditions, with the : 
addition of a suitable ' seal coat. 

With dry-bound' macadam, if the stone is hard enough to 
permit good mechanical bond and resist internal wear, it is 
unnecessar}," to fill the voids completely. If the stone is we.ak, 
it is necessar}’' to use water for filling in^ the voids with 
additional fi.nes. 

Claybound bases are a common modification in some 
countries. The constituents are gravel, sand and clay. This 
base is sealed. If used without a surface course, deliquescent 
chemicals may be beneficially added to preserve moisture 
content and aid maintenance. 

{h) Soling or pitching . — Heavy soling has been employed exten- 
sively upon airfields in operational areas where experienced 
labour has been abundant, and sub-grade soil of a treacherous 
or unstable t5q)e. 

Slow rate of construction and heavy • transport demands 
commonly rule out this class of base course under war 
conditions. 

(i) Special stabilizers. — Considerable experimental work has been 
done upon special water-repellent materials. The most promis- 
ing is a type of fine, powdered resin (“ Vinsol *'), which is 
mixed into the soil either directly or, in smaller proportions, 
mixed with a weak alkaline solution to form an emulsion with 
water. It is hoped that this and similar methods may be 
suitable for a wide range of soils and that results of practical 
value will be obtained with ver>^ small tonnages of imported 
material {e.g., 1 *5 lb. of Vinsol per square yard, for a favourable 
soil).# 

Other products which have been used or tested are certain 
waste products from the wood-pulp industry, and molasses. 

Section 74.-~SURFACE COURSES 

1 . A runway surface course must be : — 

(a) Smooth, true to grade and, for all-weather airfields, waterproof. 
{b) Reasonably non-slippery. * 

(c) Free of dust, liable to be harmful to engine parts and to impair 
visibility. 

(d) Free of chippings or heavy grit, injurious to propellers and 
t3nres. 

{e) Supported by a strong sub-grade with or without the addition 
of a base course. 

2. A classification of the principal surface courses and preM>ricated 
surfacing materials is given below 

(a) Open steel mats, of widely varying weight and bearing strength, 
which, used alone, do not protect the sub-grade from softening 
by rain. 

ib) Prefabricated waterproof mats, which preseiwe the natural 
strength of the sub-grade and provide a smooth, dust-free 
. ' surface. 


* 
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(c) Bitumen, tdr Of emulsion, --—Qronting methods with stone 
' ■ .'and gravel. 

id) Bitumen, tar or —Plant mix with 

■(i) Sand. 

. (ii). Stone., 

[e) Cement 

(i) Concrete. 

(ii) Cement grout (Colcrete). 

(iii) Soil-cement, 

{/) Stabilization methods . — Eldective under favourable climatic 
conditions. 

(g) Natural surfaces. — ^Turf, sand and other soils. 

[h) Miscellaneous . — Including bricks, coral, timber. 

3. Plant and materials suitable for any of these technical methods 
will be provided commonly in the light of information gained long 
before any detailed examination of the theatre of war concerned. In 
general the choice of specification, at a given time and place, will 
rarely present a difficult problem to the engineers in the field. Prac- 
ticable alternatives will be few. 

Speed and efficiency are commonly associated with repetition methods, 
in which airfield units have gained skill and confidence by experience. 
There is little opportunity for experiment and change in the fulfilment 
of hasty war-time tasks. 




CHAPTER 10 

PREFABRICATED RUNWAY MATS 

Section 75.— GENERAL 

1. In the design of portable, landing mats, to meet forward operational 
requirements, a number of objectives have been kept in view. Some 
demands are conflicting, their relative importance varying with the 
physical and tactical conditions associated with particular tasks or 
regions. 

2. The factors influencing test* and development of steel types 
have been : — 

{a) Strength. The mat should be flexible enough to conform 
to normal undulations and rigid enough to bridge local 
inequalities. Heavy panel types should have connections 
* capable of transferring the load from one panel to another. 
(5) Surface. Free from dangerous projections, even after con- 
siderable wear. 

(c) Rapidity of laying. The target arbitrarily chosen, for the 
lighter t 3 ?pes, has been the laying of 1,000 by 50 yards in 
one day, with trained men. 

Repair. Damaged sections should be capable of ready replace- 
ment. 

{e) \^ight and cargo space, i^inimum obviously desirable. 

If) Freedom from skid, when wet or muddy. 

(g) Tyre wear should be not unduly increased. 

(A) Speed of production to be satisfactory. 

’ {i) Good camouflage characteristics. * 

(j) Maintenance moderate and high salvage value. 

(A) Moderate demands for preparation of subsoil. 





f^) J/jimifii#i-.dfis#.~D.n% ''%vaterbot!iid or,, bitiiimnoiis' grouting. ; 

TMs is a Mgh 'quality base, built* of angular crushed stone 

or crushed -slag in layers 3 to 5 inches thick. ■ A base of this 

' construction/to meet hea%y static requirements^ .would repre- 

. sent a surface course under operatio,nal conditions, with the/ 
addition of a suitable seal coat. 

With dry-bound, macadam, if the stone .is hard,' enough to 
pe.rmit good mechanical bond and resist internal wear, it . is 
' unnecessary to fill the voids completely. If the stone is weak, 
it is .necessar}^' to use water for filling in the voids with' 
additional fines. 

Claybound bases are a common modification , in ' . some ; 
countries. The constituents are gravel, sand and clay. This, 
base is sealed. ■ If used without a surface course,, deliquescent 
■ chemicals may be beneficially added to preserve moisture' 
content and aid maintenance. • 

(h) Soling or pitching. — ^Heavy soling has been employed exten- 

sively upon airfields in operational areas where experienced 
labour has been abundant, and sub-grade soil of a treacherous 
or unstable type. ■ , 

Slow rate of construction and heavy transport demands 
commonly rule out this class of base course under war 
conditions. 

(i) Special -Considerable experimental work has been 

done upon special water-repellent materials. The most promis- 
ing is a type of fine, powdered resin (*' Vinsol "), which is 
mixed into the soil either directly or, in smaller proportions, 
mixed with a weak alkaline solution to form an emulsion with 
water. It is hoped that this and similar methods may be 
suitable for a wide range of soils and that results of practical 
value will be obtained with very small tonnages of imported 
material {e.g., 1 -5 Ib. of Yinsol per square yard, for a favourable 
" ' S'O'il).. ■ .' 

Other products which have been used or tested are certain 
waste products from the wood-pulp industry, and molasses. 

Section 74.-~SURFAGE COURSES 

1. A runway surface course must be : — 

(ij) Smooth, true to grade and, for all-weather airfields, waterproof. 

(b) Reasonably non-slippery. * 

(<?) Free of dust, liable to be harmful to engine parts and to impair 
visibility. 

{d) Free of chippings or heavy grit, injurious to propellers and 
' 'tyres. 

(e) Suppo:^ed by a strong sub-grade with or without the addition 
of a base course. 

2. A classification of the principal surface courses and prefabricated 
surfacing materials is given below 

{a) Open steel mats^ of widely varying weight and bearing strength, 
which, used alone, do not protect the sub-grade from softening 
by rain. 

(6) Prefabricaied waterproof mats^ which preserve the natural 
strength of the sub-grade and provide a smooth, dust-free 
surface. 
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CHAPTER 10 

PREFABRICATED RUNWAY MATS 

Section 75. — GENERAL 

1 . In the design of portable landing mats, to meet for%vard operational 

requirements, a number of objectives have been kept in view. Some 
demands are conflicting, their relative importance varying with the 
physical and tactical conditions associated with particular tasks or 
: regions. ■ ■ 

2. The factors influencing test* and development of steel types 
have been : — 

(a) Strength. The mat should be flexible enough to conform 
to normal undulations and rigid enough to bridge local 
inequalities. Heavy panel t5rpes should have connections 
* capable of transferring the load from one panel to another. 
{b) Surface. Free from dangerous projections, even after con- 
siderable wear. 

(c) Rapidity of laying. The target arbitrarily chosen, for the 
lighter types, has been the laying of 1,000 by 50 yards in 
one day, with trained men. 

{d) Repair. Damaged sections should be capable of ready replace- 
ment. 

(e) Weight and cargo space, i^inimum obviously desirable. 

If) Freedom from skid, when wet or muddy, 

(g) Tyre wear should be not unduly increased. 

(A) Speed of production to be satisfactory. 

' (z) Good camouflage characteristics. * 

(j) Maintenance moderate and high sakuge value. 

(A) Moderate demands for prepamtion of subsoil. 


(c) Bitumen, tar or emulsion.—-Gro\itmg methods with stone 
^ and gravel. : . ■ 

(d) Bitumen, tar or emulsion . — ^Plant mix with 

(i) Sand. 

'(ii).: stone..." ■' 

(e) Cement 

(i) Concrete. 

(ii) Cement grout (Colcrete). 

(in) Soil-cement. 

(/) Stabilization methods , — Eflective under favourable climatic 
conditions. 

(g) Natural surfaces. — ^Turf, sand and other soils. 

[h) Miscellaneous .- — Including bricks, coral, timber. 


3. Plant and materials suitable for any of these technical methods 
will be provided commonly in the light of information gained long 
before any detailed examination of the theatre of war concerned. In 
general the choice of specification, at a given time and place, will 
rarely present a diflicult problem to the engineers in the field. Prac- 
ticable alternatives will be few. 

speed and efficiency are commonly associated with repetition methods, 
in which airfield units have gained skill and confidence by experience. 
There is little opportunity for experiment and change in the fulfilment 
of hasty war-time tasks. 



4. A.R.C. steel mesh, used in the Pacific 
or square mesh track in characteristics, i 
mesh, and weighs P4 Ib. per square foot. 


la practice, , the two considerations of first importance, have been 
weight (dead and shipping) ..and speed of laying, with due regard to 
preliminary work on , sub-grade. The . relative utility, :of . difierent ' 
types of steel runway which have survived the: test of time is,, roughly 
proportional to. the, weight of metal per- unit of- runway area, with 
its adverse influence upon problems of 'siippty., 

3. Later experiments have, led to.the' developniient of , ,a Hessian mat, 
in which waterproofing and good wearing qualities are combined 
. in a ... product of , light weight, which ca,n be laid spe.edil}?' upo,n' a well- 
compacted surface. 

Section 76.-~STEEL MATS 

L All light types of steel mat are intended for hasty service upon 
lighter ai„rfie!d.s and are designed' for use i.ii favourable climates, with 
a minimum of base preparation. They are suitable for hard service 
only when laid on strong turf or well-drained sub-grades, such as sand 
or gravel. Their use is very limited on other bases, when their inherent 
structural weakness rapidly shows up under heavy traffic. 

2. The heavy types are sometimes used as a surface course, upon 
an fields for heavy aircraft. A substantial thickness of selected base- 
course material is essential upon impermeable soils in wet weather, 
or upon a yielding sub-grade, not capable of good compaction. 

mat bar and rod) are superior to planks 
(1 in that they are less conducive to skidding when wet and 
muddy. They also present a considerably smaller area of exposed 
surface, which is a desirable feature when camouflage considerations ^ 
are important Bar and rod is also lighter than P.S.P. and Irving Grid 
per unit of area covered. 

P.S.P. is less bulky to handle, is stronger, and is more suitable for 
use upon a yielding or undulating foundation. With the need for 
standardization, P.S.P. presents further merits in more rapid and 
simple produption and, although single plates can be easily damaged 
inspection, at the factory or in the field, is simple. 

From the important aspect of shipping tonnage P.S.P. is preferable 
e\en to the light Sommerfeld Track when provided with coir mattini? 
as an under-carpet, ^ 

Table VII.— Characteristics of steel landing nets 



Square 

Mesh 

Rolls 

Square 

Mesh 

Panels 

Sommer- 

feld 

Track 

Heavy 

Bar 

and Rod 

Pierced 
■ Stee Iv 
Plank 

Irvin" 
■Grid ■■ - 

O'inerisioas . . 

i 77-ft.3ins. 
X 

7 ft. 3 ins. 

12 ft 3 ins. 
X 

6 ft. 3 ins. 

■ 75 ft, 

10 ft. 7| ins. 

12 ft. 

X 

3 ft 

10 ft 

X ■ ■■ 

15 ins. 

12 ft. 6 ins. 
X 

1 22-3 ins. 

Weigiit per sq. ft. . . 

1*3 lb. 

l-31b. 

1-2 Ib. 

3-9 Ib. 

5'3 lb. 

5*6 lb. 

Weight per sheet . . 

5471b. 

801b. 

900 Ib. 

140'4 lb. ^ 

65'6 lb. 

129 ib. 

Per nmway — 

1,000 yds. X 50 yds. 

3 ion lorry loads 
Shipping tons 

150 

655 

m 

■85' *. 
308. 

128 

500 

250 

1,040 

400 

525 

m ■■■ ■■■ 

1,054 

f.apr.g speed, sq. ft 
perman/hr. 

80 

100 

175 

70 

110 

70 
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5* Light wire and; panels. SommerfeM track 
superseded Amy track,; a woven wire ' net with diagonal mesh, which 
tended to billow dangerously after use and required pickets and 
holding-down discs for every roll. Square mesh track has now largelv 
superseded Sommerfeld. ■ Square mesh in rolls, is also liable to billowing, 
but in panels this fault is not displayed. The panel type of square 
mesh represents the best available open-mesh tracking within the 
limited range of service inevitable for a weight of 1 lb. of steel per 
square foot of coverage. It is not laid as rapidly as Sommerfeld track, 
but for loading into ships or lorries it is far more favourable. Panels 
are also less liable to distortion than rolls. 


Section 77.-™-PIERGEb STEEL PLANK 

1. P.S.P., sometimes referred to as Marston or Universal track, has 
been the most widely used of all types of portable landing mats 
developed during the war. P.S.P. runways have been made,"^ under 
tropical and arctic conditions, for all weights of aircraft, and upon soils 
of widely variant bearing capacities. It has finally superseded the two 
other well-known types of comparable merit — Irving Grid and Heavy 
Bar and Rod — as the standard mat of American production. 

2. Practical details : — 

(a) The planks, stamped or rolled from 10 gauge mild steel plates, 

are 10 feet long and 16 inches wide overall, giving a coverage 
of 15 inches.- 

(b) Apertures for reducing weight are 2|:-in. diameter in three 

rows, and running between them are two pressed troughs 
I inch deep, to give rigidity. 

(^:) Planks have been shipped in bundles of 30 and 20. These 
break down into sub-bu?Ldles of five panels, containing two 
5-ft. half panels and four full panels. 

{d) In transporting and laying out, care must be exercised not to 
damage individual planks, especially the bayonet hooks or 
teeth. The steel, is soft and easily bent. Repair of teeth, 
2J inches long, is easy, but wastes time. 

(e) When the teeth of one plank are placed into the slots of the 
next, and fully engaged by lateral movement in the direction 
of the toe, a space of IJ inches is left into which a locking 
spring-clip of 1 j inches is fixed with a light hammer. A clip is 
used in the second slot from the end of each plank. The fiat 
side of the clip is placed towards the bottom plank at the 
overlap. 

■■ ' ' ' ' 

(/) Although work appears so simple, good organization and train- 
ing are essential for good alignment and rapid progress. The 
planks must be correctly stacked along each side of the 
runway and subsequently laid out across the site exactly as 
required for fixing, with the teeth of one row all in one direc- 
tion and the teeth of the next all in the opposite direction. 



■P.S.P. CONNECTED TO (ENGINEItR BOARD. FORT BET.VOIR 







Plate 25.— P.S.P. SHOWING PLACING OF A PANEL (ENGINEER BOARD, 
FORT BELVOIR, VIRGINIA) 
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3. Laying istart^ witL^meiull row' across tiic middle of the runway, 
care teing taken to have- the centre Joint exactly on the longitudinal 
centre line, and the row; 'of -planks laid accurately at right angles. 
Irregularities may be., hard -to correct later. . 

ifi) Subsequent rows,- working only from the transverse, centre line 
to avoid the difficulty of joining two approaching strips, are 
hid outwards by two parties. 

Alternate ixnvs-' are' staggered or '“' stretcher-bonded,'" leaving a 
-gap of -5 feet at each' end of alternate row, to be -filled,, by 5-feet 
planks if available. , 

U^j Two methods of locking successive rows are possible 

(i) The “ shing.le system," e,acli' plank being under and o\'er, 


- i ii ) a Iternating, with one plank under and the next over. The 
latter, though slightly slower, is the right method. It 
enables blocks of planking to be more easity removed 
for replacement or sub-grade repairs. 

id) Planks are laid continuously in echelon across the site, .starting 
from one side of the runway. A working edge in the form of 
a “ V “ has also been found effective and is reported to have 
resulted beneficially in any Jams or gaps occurring near the 
edges, where they are more easily rectified Ilian near the 
centre line. 

(ej Aligmnent of the mat is controlled by staking the centre line 
of the runway and checking the joints by eye. If the mat 
tends to work to either side, the error must be corrected by 
pulling the mat into position by means of a truck or tractor. 
If the fault is caught early, the loss of alignment can 
probably be corrected by levering the section over by 
means of crowbars inserted through the holes in the plank. 
(See Appendix IX for alternative method of laying.) 

4. Labour and speed of work.—Access to site permitting, it should 
always l>e possible to unload mats direct from trucks, at proper intervals 
alongside the runway, to ensure minimum carry and to maintain 
correct stacking ahead of laying. If the soil is too soft for this transport 
It will be too soft for the laying of steel mats. 

Excluding men employed upon transport, unloading and stacking, 
the labour force will be distributed, as under, for each face 

Laying crews, including cariying, lading and clipping ... 25 

Crowbar men 3 

Band and wire cutters on bundles 2 

Short planks (5 feet) * ^ 2 

Rakers and finishers ahead of mat g 

A total of 40 men, with 6 or 7 N.C.Os. 

Average rate of constructing a 50-yard track may be taken at 
roughly 200 yards per day, with two faces in progress outward from the 
middle of the runway. 
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5. Gompetitive laying of P.S.P. — competition held in U.S.A., 
between two engineer units, led to the following results : — 

Two companies each took one half of a runway, 4,380 feet by 150 feet 
or 657,000 square feet, to be laid alongside an existing Soinmerfeld 
track. 

The maximum number of men used at a time was 57 and the average 
working party was. 40 men. 

The winning company finished the task (730 yards of runway) in 
60. hours 15 minutes, including 3 hours 5 minutes lost on account, ,of. 
dying operations. 


I 








Total working time . . . 

Total area 
Total man-hours 
Square feet per man-hour 
The other company recorded 141*9 square feet per man-hour. 


57 hours 10 minutes 
323,932 square feet 
2240*5 
144*5 


Weather conditions were unsettled. For night %vork, acetylene lamps 
were used by one company and a portable electric generator by the 
other. 

6. General.— If P.S.P. is laid on a natural soil surface of low bearing 
^strength, for rapid use in operations, it can be classed only as a tem- 
porary expedient. Longitudinal corrugations are soon caused by heavy 
traffic, and pockets develop under the mat, in which water collects. 
The movement of aircraft across the mat creates a pumping action, 
forcing water and mud through the holes on to the surface, which 
becomes dangerously slimy and slippery. Considerable settlement of 
mat will also take place over the soft patches. Makeshift methods of 
forcing gravel through the holes to build up the sub-grad^ have proved 
unsuccessful. A more stable base can be laid, section by section, when 
it is practicable to put a runway out of service intermittently.^ The 
track is opened up, across the whole strip and rolled back sufficiently 
to allow stone or sand to be put down as a base course. An instance 
is on record of raising a track 6 inches by night %vork only. 

The most satisfactory method of attaining strength and durability 
is by laying track on a porous base course. Below this should be a 
well-levelled and graded formation, with a crown of about 9 inches or 
transverse gradient of 1 : 100. 

A 6-in. bed of permeable sand should be provided ; up ^ to 18 inches 
have been used upon one important runway laid on bad cotton-soil. 
Hardcore, gravel, broken brick, coral, and other materials, well con- 
solidated, have also been used successfully. In most cases, when such 
bases are used, effects of rain are beneficial. But the time taken to 
complete a runway, which may be two or three weeks, is excessive for 
early requirements in an offensive, and some other expedient is 
generally essential. 

When the surface immediately below P.S.P. is loose, and tends to 
blow away under the action of slipstreams, a suitable surface can be 
produced by the application of an oil spray. 

7. Sub-grade and base requirements. — ^P.S.P., upon certain 
soils, exercises a retarding influence upon the drying out of excessive 
moisture. Bases over impervious sub-grades act as water i-eservoirs. 
The mats tend to accumulate rain water at the low end of individual 
planks and to a smaller extent through the holes. Transverse grades 
upon impermeable soil should be set at the maximum allowable slope 
(1 in 60) to accelerate drainage. 

4--«a479 
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illliliias*.. 





Plate 27.— SOIL CONDITIONS ADJACENT TO P.S.P. RUNWAY, ALGERIA, 1943 
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Thicknesses of- :foase course under P.S.P. ' 'Have., been estimated, for 
guidance, on a.broad' assum.ption. of saturated conditions and a year's 
ser\ice : — 

Table VIII. — ^TMckness of base course under P.S'.P. 


■ ^ It TTi— .fi’iT'rs drill 1 

.. Thickness of base, course' 

oLl isUI-i 

Fighter 

Medium bomber 

Gravels, gravelly sands, clean sands, and silty , 
sands ... ■ ... ' ... . ... 

Nil . 

Nil 

Poorly compacted silts, clayey sands, and soils 
with low plasticity . . , ... 

Nil , 

1 4 ins. 

Fairly stiff clays, sandy clays, lean clays, 
organic silts ... ... ... ... , 

6 ins. 

10 ins. ' 

Clays and silts, when poorly compacted or in 
a state of ^ow density 

12 ins. 

20 ins.',. . 


The maximum figure of 20 inches given in column 3 agrees with 
practice adopted upon an important airfield in North Africa. 


8. Anchoring of mats. — Both the pierced steel plank and heavy 
bar and rod t>"pes of mat tend to warp at the edges of runways and 
taxi-tracks when subjected to heavy traffic near the edge. For 
granular and non-cohesive soils, a “ V " ditch 2 to 3 feet deep is 
excavated alo«g the edge of the runway or taxi- way with a motor grader, 
A runway can be adequately anchored by omitting the 5-feet or half 
planks along the sides and bending the projecting planks at the 5-feet 
point into the V-ditch, backfilling and compacting the soil. Bending 
is effected by placing a 2-in. by 4-in, plank below the plates and 
running over the ends with a loaded truck or a motor grader. 

Short screw-type anchors and long angle-iron pickets are also used 
for pinning down the ends of the planks, methods adopted being 
governed by soil consistency. Pickets used successfully in a relatively 
firm clay, consisted of 2-in. by 2-in. by pin. angles, 3 feet 6 inches 
long, driven through the outer hole of' the plank. The ridge of the 
picket was split inches from the top ; 4 inches of one strip was 
bent over 90 degrees, pointing outward to form a cap and the other 
180 degrees to be safely below the surface. 

The mat can also be held down by placing a pierced steel plank, 
with a screw-type anchor at each end, across the projecting ends of 
alternate planks, but this method would only be used, in practice, 
where ditching is difficult. An alternative method is to picket a 
Sommerfeld track lacing bar. along the edge of the track. 

The ditching method is more generally applicable, but is unsatis- 
factory when it is expected to salvage the planks for use upon another 
airfield. P.S.P. is difficult to restore to shape when bent.^ Damaged 
lanks will usually be cut to produce a 5-feet section, for use in filling 
‘ ^ '“ds of rows. 






Laying times are difficult to cpmpare without qualification. Panels 
are easier to manipulate and laying parties of average experience 
attain higher sp^ that with rolls. It is probable, however, that 
with special training, with rolls in good condition, and with favourable 
■working conditions, this superiority might be reversed. 

A rough estimate of 100 square feet per man-hour can be taken 
provisionally. 


9. Teitiperatiire changas.—In certaia : climates allowance will be 
made for temperature 'changes. : If a rise of SO to 100 degrees is, expected, 
the planks are pulled as far apart as the bayonet hooks allow and ^the. 
extra width of the connection' slots will then provide the necessary 
leevray for expansion. For an expected heavy fall in temperature, 
planks will be pushed tight together, allowing slack to be drawn up by 
contraction. 


10. Pierced steel plank repairs,-— A rehabilitation unit, suitable 
for overseas theatres, has been developed in America, for straightening, 
rolling, cleaning and painting P.S.P. reclaimed after service. 

Badly bent planks are first roughly straightened by hand on a 
special frame and then fed to rolls, for removal of all deformations 
except for twisted bayonet joints. Planks are cleaned by means of 
mechanically operated rotary brushes. After bayonets have been 
straightened, the planks are passed to the paint unit, consisting of a 
heated alkali bath, a hot water rinse, a tank of paint, and dryingovens. 

A unit capable of handling 200 to 250 planks per hour weighs under 
25 tons, or 50 tons shipping weight. 






Section 78.— SQUARE MESH TRACK 


1. GeneraL — Square mesh track is supplied in two forms, rolls and 

panels. The standard mesh if 3 inches by 3 inches, using 5-gauge cold- 




drawn steel with fuse-welded intersections. 


Rolls have a diameter of 25 inches and weigh 5471b., and when 
unrolled have a length of 77 feet 3 inches. Shipping space, 274- cubic ' 
feet. 


1 


Panels are 12 feet 3 inches long and weigh 80 lb. They are shipped 
in bundles of four. Shipping space for each bundle is 7*7 cubic feet, 
which is equivalent to approximately half that of the roll per unit area. 

More factory work per unit of area covered is involved in the pro- 
duction of panels, which are 6 feet 3 inches wide as compared with 
7 feet 3 inches for tracking in rolls. 

Both types are connected, upon laying, with '' B.R.C. clips,'' 8 inches A 
long by 2 inches wide, pressed from J-inch steel plate, and packed ^ ' 
in bundles of 25 weighing 181b. 

Pickets used for pinning down the outside edges of the track are 
of standard Sommerfeld type, made up in bundles of 10, w^eighing 
55 lb. for the 2-feet picket and 82 lb. for the 3-feet. 

Comparative tests have been carried out upon the two forms of 
track, establishing the practical superiority of panels, particularly 
for active service conditions. From the aspects of shipping space, 
lorry loading, handling, ; retention of shape, and laying, panels are 
superior. After use, panels are less liable to deformation and billowing 
than rolls. 


. Laying^ .procediire; . 

(a) Panels 

(i) On a strip 40 yards wide, 20 panels are used per row. 

Laying starts along the transverse centre or base line, 

■ outwards from the centre line, in both directions 
' ' toward the edges. Panels are laid, with the longi- 

, tudinal bars up, staggered alternately, 1 foot 6 inches 
from the base line. When the first row is complete, 
work can start on opposite faces working towards 
both ends of the runway in a “ V ” formation, trans- 
verse and longitudinal connections being clipped as 
the vrork progresses. The transverse joints overlap 
3 inches. 

(ii) Clips are inserted at 18-in. centres, and pickets 2 feet 

or 3 feet long along the edges of the runway at 4-feet 
centres. 

(iii) Exclusive of truck drivers, the loading and laying parties 

comprise :~ 


Loading and unloading . . . 

2 N.C.Os. 

24 men 

Laying ... 

.10 „ 

160 „ 

Unwiring bundles : pickets ; 



general 

4 „ 

22 „ 


16 „ 

206 „ 


(iv) The N.C.O. in charge of unloading is made responsible 

for the correct stockpiling of panels and* accessories 
along both sides of the runway. 

(v) The 160 men, on laying, are divided into 40 squads of 

four men each, providing 20 squads to work outwards 
on each side from the centre. Men Nos. 1 and 2 
carry panels and place in position ; No. 3 inserts 
clips ; and No. 4 carries and distributes clips, and 
performs odd duties. 

(&) Rolls 

. (i) For a runway, 40 yards wide, 1,200 yards long, 18 roils 

are used for the width and 47 for length, making a 
total of 846 rolls. 

(ii) Work proceeds on similar lines as with panels, across the 

transverse centre line as a base, with ends of tracking 
staggered 4 feet alternately. The first rolls must be 
accurately placed and temporarily picketed to avoid 
curling. After a roll has been completely extended, 
timber is placed 1| feet from the end. Working party 
^ then stands on the end of the roll and kneads the mesh 
with their feet to make it conform to the ground. 
This measure may have to be taken at other points 
when the track is being unrolled. The next roll is 
then jockeyed into position and clipped transversely 
to the first. 

(iii) Work proceeds outwards from the transverse centre 

line in ” formation. 




Plate 29.— SQUARE MESH TRACK ROLLS BEING LAID 



(iv) All overlapping is 6 inches (tvvo meshes) both long!- 
' tndinally and transversely. ■ 

(%'■) .Clips are inserted as follows: — 

Transverse joints , — ^At 1-foot centres .in outside inesli 
of top roll and at 2-feet centres in second .mesh of top) 
roll. Clips are staggered. 

Longitudinal joints . — At 18-inches centres in outside 
mesh of the top roll and at 3-feet centres in second 
mesh of top roll. Clips are staggered. 


END OF ROLL 


(vi) Pickets of Sommerfeld type are driven in at 3-ft. 6-in. 

centres along the edges of the runway. 

(vii) At the ends of runway the fabric is bent down into a 

shallow trench, picketed and the trench back-filled. 

(viii) It is important to see that the fabric runs true and 
square otherwise kinks will occur. 

(ix) The prevention of billowing is a major consideration with 

this track and the best method appears to be as 
follows : Make the transverse joints for four consecutive 
rolls in any one line, and tension the four lengths in a 
longitudinal direction by pulling with a winch lorry. 
When irregularities are taken out drive in two 
Sommerfeld pickets per roll, one at the centre and 
^ one at the end of the roil along the longitudinal joint. 
Then insert clips along' longitudinal joints. 

(x) If a winch lorry is not available, straining can be done 

by hand or crowbar as unrolling proceeds and temporary 
pickets driven in along the centre line of the roll at 
about 9 -ft. centres to hold this tension. All pickets 
except one at the centre and one at the end can be 
removed when the laying of the roll is complete. 






fxi) Small biiIo\^'S' can be removed by crimping. 

(xii) It is important that the hooked ends of the clips engage 
fully aronnd a member of the lower of the two rolls 
being clipped. 


Plate 31 .— S.M.T. CLIP IN CORRECT POSITION 


3. Typical laying method (North West Europe).— Work started 
from the middle of the strip and proceeded towards both ends. Centre 
rolls were strained in both directions and work proceeded from the 
centre line outwards. Work was therefore proceeding on two faces 
towards each end of the runway, i.e., four faces in all. Two parties of 
70 men each were employed — one working towards each end of the 
runway. Straining was done every 100 yards, i,e„ every four rolls. 


(^z) Each party was organized as follows 


4 unrolling parties, each of 6 men 
4 clipping parties, each of 8 men 
1 picketing party of 6 men 
1 N.C.O. I.C. party ... 

1 N.C.O. controlling each winch lorry 
1 N.C.O. at end of mesh ... ... 

1 salvage party of 3 men ... 


Total 
24s 
32 
6 

:2: 
:: 3 '' 


Total personnel 70 


(b) Drill for two unrolling parties and two clipping parties was as 
follows : — , 


(i) First unrolling party lay first 100 yards, and after ten- 

sioning lay second 100 yards. 

(ii) Second unrolling party start from the base line and lay 

their first 100 yards while first party are laying their 
second 100 yards. 

(iii) On completion of second 100 yards first party return to 

the base line and repeat. 

(iv) Second party does likewise. *, 5 , 

(v) When full width* of runway is complete to 200 yards 

length the procedure is repeated for every 200 yards. 

Ti '/ (vi) Clipping parties follow their respective unrolling parties. 

Subject to conditions on the site a further 70 men will probably be 
- required for loading, unloading and carrying roils. Cranes are desirable 
for loading and unloading. 


; Sectioh 79.-~*~GHANNEL TKACK ■ 

!. Channel track, is' a comparatively lightweight and flexible steel 
surfacing, capable of rapid laying, for the construction of niiiwa 5 rs on 
soft or loose ground. 

It functions as a grillage spreading the applied load over the ground. 
The flexibility, and strength'is such that it will conform, under load/ to, 
minor irregularities in the configuration of the ground without diminish- 
ing its load carrying capacity. 

2. The track consists of composite panels, made from two layers of 
light gauge cold formed bars, joined together transversely, by inter- 
locking the projecting ends of the bottom bars, and secured with clips ; 
longitudinally they are joined by means of shaped joint covers. 

3. Component parts of the track comprise 

{a) Panels. — 6 feet long by 11 feet wide, weighing 180 lb. They are 
composed of a number of cold formed mild steel lengths of 
channel section with flanges, projecting at right angles, made 
from 18-gauge strip. The bars, which are J inch deep 
and 2| inches wide over flanges, are placed at right angles, 
flange to flange, at about 5-inch centres, and riveted together 
with two rivets at each intersection to form a rectangular grid. 
Openings about 3 inches square are thus left between the bar 
flanges. Supplied in bundles of 10, 40 panels can be carried 
in a 3-ton G.S. lorry. Single panels are loaded and unloaded 
by six men (four on the ground, two in the lorry). Damage 
to panels during transit may be corrected by the use of a 
rectifying tool, provided on a scale of 60 per airfield. 

(b) Joint covers are pressed from 18 gauge mild steel, and are used 

to form the longitudinal joint between panels. They envelop 
the bar section and have projecting lugs which are crimped 
round the bar flanges. Two t^es are used for runways : — 

(i) Large : 12 inches long, 2| inches wide. If inches deep over 

lugs, weighing 0*78 lb. each. 

(ii) Small : 7J inches long, 2f inches wide, IJ inches deep 

over lugs, weighing 0*47 lb. each. 

(c) Spacing clips are used to retain rows of panels in their correct 

relative positions longitudinally, preventing movement under 
action of traffic. They function as compression members, and 
are constructed of 18 gauge mild steel. They are fixed by 
closing the lugs with the small closing tool. 8 inches wide by 
inches long they weigh 0-85 lb. each, 

{d) Pickets are required to assist in holding down the longitudinal 
edges of the runway. 

4. Tools required for laying the track 

(a) Closing tool, large — used for closing the lugs of large joint covers. 
Weight 18 lb. 

(5) Closing tool, small — used for closing the lugs of the small joint 
covers and spacing clips. Weight lb. 

(c) Joint cover opening tool — used for removing large and small 
joint covers, and spacing clips when extracting panels or dis- 
mantling runway. Weight If lb* 
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(4) Panel spacing tool— used -in pairs, when laying the track with the 
object of spacing panels at their correct distance apart longi- 
tudinally. Also used ■ for extracting panels. ■; Weight 10| lb. 

(e} Rectifying tool— used to rectify the shape of projecting ends of 
bars, which may have been defomied in transit. Weight 1^, lb. 

if) Lever provided on a scale of 12 per runw^ay they are used 
to facilitate the removal and replacement of damaged panels. 
Weight 50 lb. each. 

. Laying— method of placing the panels 

ia) Panels are laid with the 11-ft long bars on top, running trans- 
versely to the direction of traffic . These bars are connected 
to the similar bars of the panels on each side by means of 
joint covers, which are fixed by crimping their lugs with the 
large closing tool. Large joint covers are used at the joints of 
all transverse bars, except the end bars of panels, for which 
small joint covers are provided. 

(b) The lower bars of panels project so that the transverse joints in 

the track can be formed by interlocking panels when laying. 

(c) To ensure that the pitch of the transverse bars on either side of 

the joint is the same as the normal pitch, spacing clips are 


6. Laying drill . ; 

{«) The following organization was adopted in the United Kingdom 
for the trial laying of a runway; 10 panels wide, working out- 
wards from the transverse centre line to the ends of the runway. 

(i) Set out longitudinal centre line and edges of the runway. 

(ii) Set out and mark transverse centre line exactly at right 

angles to the longitudinal centre line of the runway. 
(A small error in location will appreciably affect the 
bearing of the runway.) 

(iii) Stack panels as delivered, in piles on site of runway {see 
Plate 32). 

The working party required for laying out panels is: — 


Number Number 
employed of parties 
per party per runway 


Total 

per 

runway 


Ofi loading on lorry 
Stacking on ground 


4 
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3 RD LOAD 
LORRY X" 

4 TH LOAD . 
LORRY X 


1ST LOAD 
LORRY X' 

2 HD LOAD 
LORRY X 


1ST LOAD 
"^LORRYX 

^2ND LOAD 
LORRY X 
3 RD LOAD 
AS LORRY^A* 


TRANSVERSE 


1 ST LOAD 
'LORRY 

2 HO LOAD 
LORRY X 


1ST LOAD 
LORRYX”-' 
2ND LOAD- 
LORRY X” 

3 RD LOAD 
AS LORRY’W 


Plate 32.-^ CHANNEL TRACK— STACKING OF PANELS 



(vi) Allocate panel la 5 ?ing parties ‘'A/' “ B/' “ C/' and “ D 
on runway as shown in Plate 34. 


fivj Excavate -.trenches, along' both sides of runway to the 
dimensions shown in Plate 33. .If panels have not been 
.stacked before track laying co-mmences, side trenches 
should be excavated, as stacking proceeds, otherwise 
they will interfere with the access of lorries to their off- 
loading points on the runway. 


ABOUT 2-0 






TRENCH 


'A 


\\ PICKET 




.TT" 


DEPTH 9 
MINIMUM 


Plate 33.— EDGE TREATMENT OF CHANNEL TRACK. 


(v) Detail track laying parties as follows 


Serial 

No, 

Duty of party 

Number 
employed 
per party 

Number of 
patties 
per runway 

Total 1 
number 
employed 1 
per runway i 

Remarks 

1 

NX.O. I/C 

Lifting panels from piles 
and into position. 

! Spacing panels 
! panels 

■■■■ 1 - 

, 4 .■ ■■ 


1 '.'.: 

28 

1 

These parties are marked 
“ A,” ** B ,” “ C ” and 
“D ” in Plate 34. 

2 

Fixing joint covers, 
large and small 

. ■.. 9 V ,.-^' 1 

! ■ 'z y 

. T 8 ', v ' 

One man per longitudinal 
joint. 

3 

Spacing clip fixing 


4 . 

8 :, . 


4 

Picketing 

I - ;-. 2 : 

4 '- ,.'■'■',,1 



5 

Distributing clips, pick- 
ets, etc., to working 
parties 

■ ■■■■ ^2 ■ 

■2 

4 

Two light lorries or jeeps 
required. ^ 


(vii) Issue,. parties, with tools as' shown below 


Party 


Number 

— 

Number 

.serial 

Tool 

per 

per 

No. 


party 

runway 


Tools, closing, large 

1 

4 


Tools, opening ... .... ...■ 

1 

4 


Tools, spacing .... 

2 

8 

■ 2 

Tools, closing, large ... ... 

9 

18 


Tools, closing, small ... ... 

.9 

18 

■ 

' 3 ■ '■ 

Tools, closing, small ... ... 

2 

i . i 

8 

4 

Hammer, sledge ... . . . | 

1 

„ '4 ■■ 


{b) Method of laying panels Plate 34). 

(i) Parties “ A and “ B ” lay panels A.l and B.l respec- 

tively, with the ends of the projecting longitudinal bars 
exactly on the transverse centre line, and leaving a gap 
of fe- inch between the adjacent ends of the transverse 
(top) bars of the two panels. 

(ii) Connect panel A.l to B.l by placing and fixing large joint 

covers over the abutting ends of the panel. The 
remaining joint covers may be fixed later, 

(iii) Lay panels A.2-A.5 and B.2-B.5 and connect together. 

(iv) Connect panels A.6 and B.6 to panels A.l and B.l by 

inserting the projections of the longitudinal bars exactly 
midway between the projections of the longitudinal 
bars of A.l and B.l and under the end transverse bars. 
This is effected by raising the leading transverse edges 
of panels A.6 and B.6 about 2 feet above the ground. 
The longitudinal projections along the trailing edge will 
then slip easily under the end transverse bars of panels 
A.l and B.l. 

(v) Draw panels A.6 and B.6 into their correct final positions 

by two pairs of spacing tools, placed about 10 inches 
from either end of panels A.l and B.l. To safeguard 
alignment great care must be taken not to move the 
latter panels, 

(vi) Place and fix two large joint covers on A.6 and B.6 in the 

corresponding position to those placed in A.l and B.l. 

(vii) Lay and connect panels A.7-A.10 and B.7“B.10. 

(viii) Lay panels C.l, C.2, etc., and D.l, D.2, etc., by parties 
C *'and ** D respectively, working in the opposite 
direction to parties ** A ” and B. * 



Plate 34.--CHANNEL TRACK-^METHOD OF LAYING PANELS 


(ix) The' longitudinai- joint .between panels A. 6 and: B.6 is 
ofiset to the right of the longitudinal joint between 
panels A. 1 and B.l.by an amount equal to | pitch of 
the bars. Care must be taken to ensure that panels 
A. 11 and B.ll are inserted so that the longitudinal 
joints betm^een them are offset to the left of the joint 
between panels A.6 and B.8, i.e,, it will lie on the same 
line as the joint between A.l and B.L thus preserving 
the longitudinal alignment of the rumvay. 
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(x) In a railway 10 panels wide- there are nine longitiidina! 
■ joints. One-man fixes all Joint covers, along .one 

longitndinai row of joints, working outwards from the 
transverse centre line towards both ends of, the runway. 

(xi) Insert and fix spacing clips along the 'transverse panel 

joints. Clips are provided as follo^vs : — 

\ Touch down areas (end 300 yards of runway — 2 per 
panel. . 

Elsewhere — 1 every alternate panel. 

(xii) Bend the edge of the end panel into the trenches by run- 

ning the w’'heels of a loaded 3-ton lorry along the track. 
Picket down and back fill the trench with suitable 
material, and consolidate. An alternative method ob- 
viating damage to the panels and to prevent tyre 
damage to aircraft crossing the edges is to picket thc^ 
track and then form a berm of sand or turf along the 
track edge, allowing 1 cubic yard of fill per 15 linear 
yards of runway edge. 

(xiii) A picket should be driven in the outer edge of each 
external panel. In very soft ground the number of 
pickets per panel may be increased. 

(xiv) Ends of runways are treated by trenching as in (xii) 
above. 

Laying in echelon 

(i) A speedier method of laying using 20 laying parties is 

shown in Plate 35. For this purpose panels are pro- 
vided wdth one end of the external longitudinal bars 
cut off from diagonally opposite corners. 

(ii) The first panel must be laid on the left hand edge of the 

runway. 

(iii) Lay panels A. 1-J.l first, followed by panels A. 2 and A. 3. 

Panel B.2 is then laid. When panel A. 4 is laid panels 
B.3 and C.2 can be laid, and so on. 

(iv) The outer row of panels in Ro\v A must be laid accurately 

to line, and the lines set out truly at right angles to the 
transverse centre line. 

. Maintenance 

[a) Damage, in the form of loose or deformed top bars, may result 
from traffic action. To obviate tyre damage, panels should 
be replaced, where the ends of the top bars have become loose. 

Failure of individual bars in a panel, though not serious, 
calls for constant supervision to prevent further damage. 

(h) Runways require frequent inspection for loose or damaged clips. 

{c) Edges of runways, if protected by the berm method, must be 
inspected daily and displaced material made good. Neglect to 
do so may cause serious damage to aircraft running ofi the 
runway. 



Plate 35.— CHANNEL TRACK— LAYING OF PANELS 
IN ECHELON 
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2. Staples, 24 indies long, weighing 1 *5 lb. each, are used with ' every 
panel to hold the mat firmly to the ground, a condition of great 
importance %vith all t>^es of light steel runway. 

Eight staples are allowed per panel. It is found desirable, at every 
fourth or fifth row, to pull the panels taut by use of a truck or by 
levering with a croivbar, and to peg the mesh in this tightened condition 
until it has conformed thoroughly to local irregularities of surface. Ulti- 
mately, the majority of the staples are removed. Staples left in require 
close maintenance as they soon wwk out of the ground with traffic. 

The mesh at the ends and edges of the runw^ay is buried to a depth 
of 18 inches to prevent lifting and damage to tyres. 

3. Factor of supply being favourable, it is common practice to lay 
an under- carpet of fibreen to prevent mud from coming through the 
mesh, or to keep down dust and grit. Under certain climatic conditions, 
the under-carpet also serves a good purpose in retarding the evaporation 
of moisture giving stability to the surface soil. La'id with a 4-inch 
overlap, the fibreen ” will contribute beneficially to a quick run-off 
under heavy rain. 


— ^Weighing 3*9 lb. per square foot of coverage 
against 5'3 lb. for P.S.P., has not been widely employed, but has served 
a good intermediate service between P.S.P. and the light types of steel 

^ handled by two men and can 

be carried on a small truck without excessive overhang. The panel is 
made of mild steel ; bars are inch by 1 inch, and rods | inch diameter. 
Rigid connectors are commonly used. These are bands which encircle 
the outside bar of one panel and slide over the tip of a special connector 
on the adjacent panel, and are fibced by a crimping tool. 

method of laying is by using the runway oe^stre line 
in ^ two-panel distance is gained, additional rows 

n echelon can be laid m each quadrant. Each placing crew and each 
laying crew consists of four men. Panels and jointf are staggered 
joints being opposite the middle of the adjacent panel. 

check evaporation 

of excess moisture in sub-grade or base course, but it does tend to 


'Section ^80.-- -A.R.C. 

1. Practice, close!}^ comparable to that adopted for square mesh has 
developed in the Southern Pacific, using A.R.C. (3 inches by 3 inches, 
by 3 gauge) mesh.panels, 10 feet by 6 feet and weighing 84 lb. per sheet. 
Two j:3rpes'.Gf clips are used, channel clips, 'weighing 0*38, lb.,, and 
strap clips, weighing 0*28 lb. Tool-channel clip is supplied for bending 
the tongue of the channel clip. 


Section 81.— MISCELLANEOUS TYPES OF STEEL MATS 


1. Although Heavy Bar and Rod, Irving Grid, and Army Track may 
not be used to any extent in future, brief references are made to their 
fom and behaviour for general guidance. Practical experience gained 
with one type of mat throws light upon the characteristics of another. 
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retard run-off and, calls for a' maximum, permissible transverse gradient. 
This type^ must be laid with the long, axis' in the. direction of the traffic. 
It must be, well bedded into the soil or base course to prevent edge and 
end curve under heavy traffic. ' Strength can also be gained bv fillins 
the mat with impervious .material. ■■■■■ ■ ^ ' 

Anchoring at the ends and edges is desirable as for P.S.P, If laid 
with the greater dimension of mesh longitudinally, anchors will be 
placed at every .joint ; if trans'versely, at intervals of not more' than' 
3 feet. 

3. bar aii,cl rod. — A light form of bar and rod, of the same 
material and general design as the heavy type, has been manufactured 
in large quantities, but has been supplanted in service by more robust 
t^rpes of steel mat. The panels are 12 feet by 3 feet, with bars | inch 
by I inch and rods inch in diameter. Weight of panel is equivalent 
to 1-9 lb. per square foot of coverage. 

4. Irving Grid. — ^This type is the heaviest made, with a weight 
of 5*6 lb. per square foot of coverage, and is less liable to deformation 
at the edges than P.S.P. or bar and rod. Results of service have been 
good but P.S.P. has superseded this type for general service, largely for 
reasons of supply. 

Panels are 124- by 22*3 inches wide, made of -fg--inch by 

1-inch mild steel bars, and weigh 130 lb. each. Connectors are bands 
of a rigid type, as for heavy bar and rod, and are apt to be a source 
of trouble on a yielding sub-grade. 

Laying drill is the same as for bar and rod. 

Bent panels can be flattened separately by laying on the ground, 
convex side up, and running a truck over them. 

5. Sommerfeld track. — ^This type of track has been used exten- 
sively in England, for fighter runways, taxi-tracks and hardstandings, 
upon turfed soil. Few opportunities have arisen for its successful 
application to operational conditions abroad, especially where marked 
seasonal changes of climate are characteristic. Commonly, soil con- 
ditions in a dry season are too favourable to necessitate its use. In a 
wet season soil conditions are too adverse to benefit. Sommerfeld track, 
with or without an under-carpet, has nevertheless an intermediate 
range of utility in runway construction of considerable importance. It 
will protect a grass landing ground during periods of rain, and checks 
the break-up by rutting of a sand or gravel surface of poor stability. 
Over an under-carpet of matting it has been used successfully in 
alleviating runway dust in an arid country, and can be employed 
effectively upon auxiliary services around an airfield. 

To ensure good results when laying, effective transverse stretching 
is of special importance. 

(a) "Component parts of the track comprise : — 

(i) Stiffened netting of 3-mch or 2-mch mesh galvanized 
wire of 12-13 S.W.G. reinforced by |--inch diameter 
mild steel rods at approximately 8-inches centres. The 
ends of each rod are looped and welded for treating 
with linking bars. Rolls are 75 feet long and 10 feet 
74 inches wide, weighing 900 lb. 
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The Indian rolls are made up in either 50-yard or 35-yard lengths 
of 32 inches wdth. The rolls are 22 inches and 16 inches diameter 
respectively, with a former of 3-inch bamboo projecting 5|- inches at 
each end. The weight of the rolls is 280 Ib. for 50-yard length and 
104 lb, for 35-yard length. 


Section 83.— PREFABRICATED BITUMINOUS ; .SURFACING 

1. Salient features. — -The ■small ' weight . of, P.B.S. is one of its .out- 
standing merits. .In a double-layer runway, dt weighs appreciably less 
than anv of the steel landing- mats pie^dously described. ^ 

Steel tracks of the ’square mesh or Sommerfeld types provid^mtie 
protection against 'the effects of dust or htytyd 

requires a better surface for efficient application, is more , diiiicuit . 
to lay in bad weather, and delays Inde'finitely the drying out of excess 
moisture in the soil at the time -of laying. 


2. Details of mat 

(a) P.B.S. Mark 1 is made up of 


ib) 


Hessian ... ... 

Bituminous saturant (60 — 80 pen) 
Coating of relatively hard, high 
softening point bitumen 
Dusting powder 


Weight per sq, yd, 
8*7 oz. minimum. . 
6*3 oz. -average 


36*0 oz. 
2*5 oz. 


average 


53*5 oz. average 

(Minimum weight 45*5 oz., maximum 58-0 oz.) 

Weight of former equals 0*225 lb. 

Total weight, double laid, per square yard of runway, 7*2 lb. 

Rolls, equal to 80 yards long by Ml yards wide, weigh 
320 lb, and are of 1-foot 5-inch diameter in the roll. Twenty 
roils are carried in a 3-ton lony^ representing 58 lony^ loads 
per 1,000 yards of a 50-yard wide runway. 

In order to prevent sticking of the sheets while rolled 
they are dusted with slate flour, chalk dust, stereated 
calcium carbonate or other water-repellent substance. 

Cracks can be sealed satisfactorily by surface treatment 
with oil and petrol solvent. 

Bitumens used conform to specifications suitable for climatic 
conditions in the countries to be served or likely to be met 
in transit. 

{c) In India, a heavier type of bituminized hessian is used, known 


as P.B.S.B. This comprises : — 


Fabric 

... 22 oz. per sq. yd. 

Saturant (90/100 pen) 

... 22 oz. „ „ 

Coating on one side 

15 oz. ,, ,, 

Coating on other side ' 

... 37 oz. ,, ,, 

Total per square yard 

... 61b. 


This thicker type is laid in a single or double layer, accoaling 
to soil characteristics. 



5. J^aying by machine involves the use of a P.B.S. Laying Machine 
Lick Roller or '' Stamp-licker *') of towed or stationary type. 
Its functions are : — 

(a) To apply the solvent to the under-side of the and 

(b) To lay the material evenly upon the compacted surface. 


■ ' ■■ 

::3. Layliig-proceciiire 

(a) The formation must be well graded and compacted , to allow 

efficient adhesion of the mat to the soil, and all stones removed 
or, rolled well in. . . 

(b) The strips are laid longitudinally^ from each ed,ge ■ towards the' 

centre, with a 55 per cent, overlap. , -Double thickness Is., 
provided throughout. 

Rolls are marked with a 3-inch red centre line, which is 
laid uppermost and is just covered bv the overlving laver 
of P.B.S. ■ " . b , / 

The first strips must be aligned with extreme care, being 
the base lines for control of the correct laying of the wrhole 
task. A closure strip is laid over the joint along the centre 
line of the runway. 

(c) The strips are cemented together by softening the bitumen 

coating with a solvent fluid such as petrol, diesel oil, kerosene 
or bitumen cut-back or combinations of these products. 
This solvent fluid may^ also improve, in small degree, the 
bond between the hessian and the soil. Normally this 
solvent will vary from 70 per cent, petrol and 30 per cent, 
diesel to 50 per cent, of each, according to climatic conditions. 

Strips can also be joined by the use of petrol-, paraffin- or 
diesel-burning portable torches, which liquefy^ the bitumen 
coating of the hessian. Torch work is slow and needs con- 
siderable skill, but it can be adopted in light rain, and has 
the advantage of ensuring immediate and effective adhesion. 

{d) Pressure applied by a pneumatic roller, V-broom or sandbag 
finisher wall ensure a good bonding of lap joints betw’een 
overlapping strips. 

{e) P.B.S. may be laid by hand or by mechanical methods. An 
outline of practice only will be given below^ 

4. Hand methods may be advantageous, although slower, under 
certain operational conditions, in countries of abundant labour supply, 
for small tasks and for maintenance. The solvent is then usually 
applied by means of mops and brooms or as a spray. 
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..When at work upon a new runway, these machines travel in echelon 
in an.' ^ anti-clockwise ..direction,-.' three normalh^ working along each 
edge simulta.iieously. The, speed of the. '-machmes sh.ou.ld not exceed 
4 m.p.h., to ensure .even treatment and' to avoid overstrain of mat, 
but -it. should not drop below 2J m.p.h. 

. .. The machines are towed ver\^ steadily by three-ton. ■ .lorries, fitted 
with .roll racks. There will be three lorries to each' laying machine — 
one operating, one loaded, and one loading. Each lorry carries 1,200 
yards run of mat. ....*'■ 

{a) Working procedure 

(i) Two men of each surfacing squad follow behind their 

plant, brooming down, sealing joints, and removing 
creases. Pneumatic rollers should be used con- 
tinuously until the field is opened for service. 

(ii) At the ends and edges of the runway, 18 inches of the 

.outer mat are buried in an anchor trench to check 
water percolation from outside. The mat can also 
be carried to depth, as locally required, to wall off 
shallow subsoil water. This work should not be 
done until rolling is finished. 

(iii) To obtain a non-skid surface, the finished surface is 

treated with a fine spray of mixed diesel oil and petrol, 
applied with a pneumatic paint spray-gun at the rate 
of 1 gallon per 60 square yards, immediately covered 
with about 3 lb. of wet or dry sand to the square 
yard, and rolled. A party of 13 men with two trucks, 
one roller and one spray-gun will treat upwards of 
1,000 square yards per hour. 

An alternative is to spray the surface with a normal 
cut-back bitumen (M.C.3) at about ^ gallon per square 
yard, and blind with dry sand. Material over i inch 
should not be used for blinding. 

With less efficient results, sand sprayed with a 
mixture of oil and petrol can be spread on the mat 
at the rate of 2 to 4 lb. per square yard and rolled in 
with a pneumatic tyred, or light flat roller after spread- 
ing. Sand failing to adhere is swept off in a few days* 

(b) Materials . — Requirements for a typical runway, 1,200 yards 

by 50 yards, with use of surfacing machines are : — 

Number of rolls — 1,400, weighing approximately 200 tons. 

• Solvents : petrol and diesel oil, 30 tons, 

6 surfacing machines and 18 three-ton lorries. 

2 five-cwt. trucks. 

4 V-broom or sandbag drag finishers. 

2 pneumatic rollers. 

50 brooms, bass. 
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Ic) Labour organisation {"Uck Roller ” method) ^ ^ ^ 

^ ■ ■■ , N.C.Os. 

Surv’ey party, laying out side and checking, ■, 
alignments ... -- ••• 

Loading party, servicing P.B.S. tow-trucks , ^ 

withmaterial ■ ^ : 

Laying parties (6 machines). Servicing ^ 

machines, driving, sweeping and aligning h 

Solvent mixing party {1 each end) ... ^ 

Joint sealing party ••• - 

General super\dsion ... 


; Men 

4. 

24 

66 

10 

10 


A l;200-yard , bv 50-yard runway should be completed in 
14 to 16 hours ; 200 square feet per man-hour can be taken 
as a rough standard, subject to considerable variation fo 

weather conditions. x ^ 

On an airfield in N.W. Europe 5,000 feet by 120 feet rmiwa , 
together with marshalling areas and 5,300 feet of taxi-tracks 
35 feet wide^total area 107,433 square yards— was laid in 
five days of 12 hours each, using six laying machines. This 

represented 16 '5 square yards per man-hour. 

For off-loading and laying out stores at each end of runway , 
100 men are required before laying starts. Stock piles should 
have a maximum height of six rolls. {See Plate 37). 

6. Secondary applications.— The laying of P.B.S. has been pro- 
posed for the first stage in the construction of a permanent airfield 
surfacing, protecting a sub-grade against softening by percolation 
through a stone or sand pavement, or holding the strength of the sub- 
grade to enable heavier construction to proceed during spells of bad 

weather. . 

There is also scope for experimental development of a mattress 
of stable soil, of variable thickness, compacted upon a base of P.B.S. 
and covered by a second carpet as a wearing surface. By this means, 
thickness might be obtained to spread the load imposed upon a sub- 
grade which is found to be of treacherous character, either because of 
the danger of softening through rise of subsoil winter, or because of its 
inherent weakness. 

Where there is occasion to strengthen the P.B.S., owing to abnormal 
wear or soil weakness, square mesh track may be beneficially super- 
imposed. Care must be taken to prevent damage to the hessian by 
careful fixing of clips. If Sommerfeld track is superimposed, it is 
liable to puncture the fabric. 

7. It is important that P.B.S. should be laid in close contact, through- 
out, with a well-graded surface. Wrinkles are apt to result from 
inaccurate grading, uneven tension when laying, errors in alignment, 
and from air pockets trapped between sheets. 

8. Laying in bad weather is a difficult task. Rain is detrimental, 
although the dusting powder has water repellent properties. In strong 
cross-winds, weights may have to be placed on the strips as they are 
laid— half-filled sandbags, petrol cans, bricks and stones will serve the 
purpose — until adhesion between strips is effective. Alternatively, two 
layers may be held together by applying a hot asphalt iron to the 
P.B.S. at intervals along the joint. The action of the solvent is to 
soften the bitumen and make it tacky. Good adhesion is not obtained 
until the solvent has partially evaporated, a matter of some hours. 







■GROUND CONDITIONS AT EDGE OE I’ERIMETER TRACK, 
(NOTE ABSENCE OF RUn'ING ON P.B.S.) 


Plate 43 , 
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BITUMEN, TAR AND CEMENT 


Section 84. — GENERAL 

. 1, . Detailed .metliods of construction in cement or bituminous-, 
materials are discussed in Military- ■ Engineering’,: Volume V, Part I, 
Roads.” References in tMs manual will be chiefly confined tot he 
description of specifications actually adopted for airfield construction 
in operational areas. Bitumen and cement are generally both available 
in theatres of war, but the bias will be in favour of bituminous runways 
for three reasons : — 

(a) When shortages arise, cement can be made to replace bitumen 

or tar in surfacing work, but bitumen cannot replace cement 
in its most important military applications. 

(b) Flexible types of runway construction are favoured because of 

the greater scope for variation in type and qualit}^ of aggregate, 
and for hasty work where durability is unimportant. 

(c) Runway repairs, consequent upon enemy action or upon any 

deterioration associated with hasty work and speculative 
factors of safety, can be effected more easily. 

2. These factors have no bearing upon the relative inherent merits 
of rigid and flexible pavements, where there is full freedom of choice, 
and where engineering and economic factors alone prevail. 

3. Military engineers will require to be familiar with both types of 
pavement and their particular adaptabilities to varying circumstances. 


Section 85.— BITUMINOUS MATERIALS 

1 . It is desirable that the definitions of common bituminous materials, 
in British and American equivalents, should be put on record, not only 
to prevent administrative confusion but for the better understanding of 
technical reports and literature exchanged between Allied airfield 
engineers. 

2. The product derived from the distillation of petroleum or from 

natural asphalt deposits is called ” bitumen ” (Br.) or ” asphalt ” 
(U.S.A.). ” Tars ” are the products of coking bituminous coal (Br. 

and U.S.A.). 

In U.S.A., ” bitumen ” covers both products, ” asphalt ” (U.S.A.) 
and tar. 

In Britain, ” asphalt ” is a natural or mechanical mixture, in which 
bitumen is associated with inert mineral matter. 

3. Bitumen, at normal temperatures, is too hard (viscous) to mix or 
spray. For construction purposes, it must be made temporarily fluid 
and subsequently resume its stability. 

Apart from heating alone, which results in temporary fluidity, 
bitumen is given the required consistency by blending with petroleum 
distillates or by emulsification. 

Bitumen is blended (cut-back) with different solvents. When 
naptha is used, the products are called rapid curing or R.C. cut- 
backs ; when kerosene, medium curing or M.C. cut-backs, the solvent 
evaporating more slowly than in the R.C. grades, 

’ 'sa— ^2479,-;^'. ,v,,, - 
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There is . a , third grade of bitumen product known as : slow curing ■ or 
S.C. (U.S.A.), which ' represent ' low' volati^^^ oils left or blended wdth 
bitumen residues, near the end of the refining process. .These have not 
been made, available for airfield work. 

4, Coal tar is distilled until its consistency is suitable for surfacing 
work, or is cut back with distillate oils to the required grade. ' 

5. Emulsions consist of a very fine dispersion of bituminous material 

m water, and held in suspension vdth the aid of an emulsifying a^ent 
such as soap. ^ ; o , o > 


Table X, 


■Road Tars. Correlation of American and British 
grades 


American grades 


Application 
tempera iures 


lApplicaiion 

\tempemiures 


Viscosity 


As a tack-coat, or 
initial surface dressing 
of water-bound or earth- 
road, in winter. 

As above, but for use 
in summer. 

These are cold , tars 
which are not used in 
Britain. 

General surface dress- 
ing and base coats in 
winter. 

General surface dress- 
ing and base coats in 
summer. 

Grouted Macadam in 
winter. 

Grouted Macadam in 
summer. 


20-30 secs. 

at 30X. 
No British 


equivalents! 


30-50 secs. 

at 30°C. 
80-120 secs 
at 30°C. 
No British 


.T.C.B. : 60-120 

5(^6 I 

These tars are all classified as type “A ”, of rapid setting 
C , very slow setting, and type B intermediate. 


equivalents 


Table XI 


Bitumens— American 


American description 
Asphalt 

40/50 Penetration 
50/60 

60/70 '' 

70/80 

85/100 

100/120 

120/150 

150/200 


British description 
Bitumen 


I* Nil 

60/80 Penetration 

80/100 

120/140 

180/220 


119 


TaMe XII, ---Bitemens and Cutbacks — Correlation of American, 
, and ' Britlsb grades 


American grabes 


British grades 


Cutback asphalt 
(.Naphtha), 
.]Rapi,d curing. 
R.C.O.— ,R.C. 5. 


Cutback asphalt 
(.Kerosene). 

Medium curing M.C.O.- 
M.C. 5. 


Asphaltic road oils. 

Slow curing. 

S,C.O.— S.C. 6. 

No American equivalent. 


j Not normally manu- 
factured in Britain, 
but R.C. 3 is being 
produced to the 
American specifica- 
tion. 

Pool cutback bitumens 
Nos. 1, lA, 2 and 3. 
(The viscosities of 
which are compar- 
able with M.C. 4 — 
M.G. 5). 

F. 70 (Middle East) is 
comparable with 
^ M.C.4. 

No British equivalent. 


"S.R.O."’ 

oil. 


-special road 


Use 


Surface treatments. 

Plant . mix and mix-in- 
place. 

Stone coating 
(Macada^i). 

Grouting. 

Surfaces treatments. 

Plant mix and mix-in - 
place. 

Stone coating 
(Macadam) . 

Grouting. 

Hot laid plant-mix. 


Used for coating wet 
sand. 


Table XIII. — Asphalt emulsions 


American grades 

British grades 


Type 1 

Applicatiom 

temperature^ 

•Type 

Application^ 

temperature 

Use 

R.S. 1 

60-120^. 

Labile 

Atmos- ■ ' 


(rapid 


B.S.S. 

pheric. 

Penetration and surface 

setting). 

60-1 20°F. 

434/35 
(unstable) . 

not below ! 
50°C. i 

treatments. 

M,.S. 1— 

Semi-stable 


Mixed in place and 

M.S. 3, 


(no specifi- 

Atmos- 

plant mixes, with 

(medium or 

normal 

setting). 

S.S. l—S.S. 2. 

50-l20®F. 

cation; 

proprietary 

brands 

only). 

pheric. 

[■ , , 

coarse aggregate. 

(slow 

[ 

Stable 

Atmos- ! 

Mixed in place and 

setting). 


(no specifi- 
cation ; i 
proprietary 
brands 
only). 

pheric j 

■■■• 1 
1 

j 

plant mixes, with 
fine aggregate. 


6. In operational areas, every effort will be made to reduce the 
number of different types of bituminous material employed to an 
absolute minimum. Even with a wide range of climatic conditions, 
the following are the only grades likely to be made available, and not 
more than four of these are likely to be supplied in any particular 
theatre. 

Cutbacks 

R.C.3. 

M.C.3. (F.7O.0 
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Bitumen 

60/80 penetration, 

80/100 penetration. 

Tars^.: 

40 viscosity (\Yinter). 

100 viscosity (summer). 

Emulsions 
' Rapid setting. ' 

The above list, in addition to R.C.2 and M.C,2, 
commonly referred to in technical reports upon ai 

abroad. 


CHAPTER 13 ' 

BITUMEN AND TAR SPECIFICATIONS 
Section 86.— SAND-BITUMEN MIX.— DRY 

1. The w-ide adoption of sand-bitumen mix practice has been due 
to the long established suitability of dry methods in hot arid countries 
Md to the recent successful expansion of the wet-sand process in 
Britain. Abundance of sand in situ and a shortage of stone crusher ' 
plant, and other facilities for heavier construction, were factors con- 
sidered, at one time, essential for competitive efficiency. Applications 
m war have been gradually widening. Sand-mix runwavs have been 
made m preference to stone, even where transport distances for sand 
have been considerable. Tonnages handled are small ; speed of con- 
struction is high ; the carpet can be laid in a single operation • and ' 

of primaty importance— it protects the sub-soil from the effect of heavy ~ ' 
Tams which might be disastrous to any other type of thin pavement - 
without similar waterproofing qualities ^ ' 

Methods of construction and binder details are discussed in Military 
Engineenng, Volume V, Part I-" Roads.” Only features ^sS 
r construction will be covered in this 
intensity of traffic, airfield carpets can be 
OTg^rqSy impermeability is commonly a more 

2. Middle East practice.— The formation for a sand-bitumen mix 
ranway must be prepared and compacted with particXrcS^ 
rregularirtes in the formation are apt to be reproduced in the final 
uriace. Soft patches must be dug out, refilled with gravel or crushed 
" tone, arffi consolidated. At all stages, mixing and spreading must be 
controlled with the utmost thoroughness and skill. Reliance^pon the 
toughness and impermeability of a thin carpet leaves no mamin for 
faulty work. The total thickness provides little " spread ” to the load 
imposed upon the natural or stabifized soil below it 

When the tactical situation is semi-static, the advantages of sand 
bitumen mix and pierced steel plank have frequently ca“ d for ora^feai 

aSSn P d tfeacheroul 

mter ram, F.S.P. will demand a considerable base course to stifle the 

mud and spread the load, representing a heavier tomaj thaf Sat^f 
l.bo.r. Onsf^ otco»te.caa„,tt.,ewo„.dbeStlirS™oo2^ 
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3. Sand aggregate. — The ideal aggregate consists of grains varying 
from coarse to fine, which, can all be individually coated by bituminous 
binder in a mixing machine, without excessive consumption of bitumen. 

'Omitting some small fraction of gravel and doarse sand, the best 
gradings are 

Minus 10 mesh, plus 40.. 10-40 per cent. 

.Minus 40 mesh, plus 80' ... 22-45 per cent.. 

,, Minus 80 mesh, plus 200 ... .... 12-30 per cent. 

Minus 200 mesh ... 10-20 per cent. ■ 

Satisfactory mixes have been .recorded with 25 to ■ SO per cent., 
passing 200 mesh, whilst less than 8 per cent, has occasionally shown 
failure. Too much filler is to be avoided because : — 

(a) More binder is necessary to coat the particles. 

{b) The fines are apt to coagulate into lumps, 
fr) Mixing and spreading operations become longer and more 
difficult. 

. 4. Mixing and spreading. — An airfield presents special oppor- 
tunities for the use of big mechanical mixers, spreaders, and finishers, 
but in operational areas small mixing plants and hand labour have 
obvious advantages. A well-balanced organization, in spite of irregu- 
larity of supplies, is more easily maintained. Native labour is more 
readily employed. 

Upon an airfield, of moderate priority, work will be organized 
normally on a basis of 150,000 square yards per month with a period 
of maximum output producing a runway of 2,000 yards by 50 yards in 
little over two weeks. • 

Paddle mixer output must not be forced ; the accurate gauging of 
aggregate and binder is of first importance. Measurements should be 
made foolproof. Too much binder is often used to facilitate mixing, 
which should take an average of 1 minute, unless the weather is cold or 
aggregate damp. Too much bitumen produces a soft carpet, which 
will not set ; too little, a dry brittle carpet, which is liable to crumble 
under traffic. 

Whatever the time allowed, the temperature of the mix, or the grading 
of the sand, a moisture content of 5 per cent, is excessive for efficiency 
without the use of driers or the addition of lime, or cement to assist the 
adhesion of the bitumen to the sand. 

Transport of the mix from the mixer to the spreading site may be . 
effected by native baskets, decauville skips, lorries, wheelbarrows, or 
pneumatic-tyred barrows ; the last-named are the most satisfactory 
for normal carries up to 100 yards. 

The mix is dumped on to metal or wooden sheets close to the spreading 
site and thrown lightly into position by shovel or fork. The carpet 
is then spread by rakes to the required thickness, which is controlled 
by wooden or steel side-guides, wrooden blocks or other means. The 
spread should be as light and even as possible, all compaction at this 
stage bemg carefully avoided. 

5. Compaction. — Initial compaction by hand-tamping should be 
carried out as soon as possible ; it is perhaps the most important factor 
in consolidation. Working with hand-labour, two or three tampers are 
employed to apply the first tamping and keep up with, the laying. 
Another gang of men, standing shoulder to shoulder, follow up at 10 
yards distance, giving the work a thorough tamping and advancing only 
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a few inches at a time. After adequate hand-tamping, even heavy roll- 
ing should not produce much more than J or f inch lowering of the 
surface. 

Secondary compaction may be done by pneumatic rollers or by 
light solid rollers. Pneumatic rollers and vehicular traffic are beneficial 
in their kneading action, which pushes the particles into a closer and 
more permanent fit. Final compaction is carried out with solid 
rollers, any undulations being removed by cross and diagonal rolling. 
A guiding principle for rolling, in order to allow tjie runway to be fit 
for sendee as soon as possible after laying, is that it should be done 
as early as possible, with as heavy a roller as can be used without causing 
cracks or horizontal movement in the carpet. Vehicles should be 
encouraged to use the completed portion of the strip as much as possible, 
even if such traffic has to be prohibited during the warmer hours of the 

6. Data for typical airfield construction in desert country, with 
minimum equipment, and native troops or labour. This represents 
a routine, economical task without extreme urgency, where labour is 
plentiful. 

Sand-bitumen mix- — 4 inches uncompacted thickness. 

Work, 10 hours per day, continuous. 

Daily progress— 5,250 square yards. 

Paddle-mixers— enough to maintain seven in continuous operation 
under service conditions. Thirty batches per hour. 

Bitumen, 1 ,000 tons per month, at 16 gallons per cubic vard of sand 


Total 


640 excluding technical con- 
trol, supply of sand, and 
lorry drivers. 

1 1 lorry trips daily. 

189 lorry trips daily. 

200 lorry trips daily. 

10 lorry trips daily. 

410 lorry trips daily. 


Bitumen 
Sand 
Sand-mix 
Kerbing stone 


vohme bulks one third and is finally compacted to original 

Lorries or equivalent decauville track, for transport of sand-mix 
are not required when paddle-mixers are erected on site and move along 
the edges of the runway with the work. ^ 

With experienced military personnel, suitable .sand within scraper 
distance and adequate equipment, a labour force of 500 men would be 
per day progress, representing over 100 yards of runway 

in bitimen-mix runways have been constructed 

at a daily rate of 9,000-10,000 square yards over a 
11,000-12,000 square ymds, laid in 
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Section 87.~SAND. BITUMEN MIX.— WET: SAND' s 

1. Sand, in a wet and cold condition, has been used with efficiency 
and econoin}’', ^ in , the construction of many airfields in Britain,. . The 
nse of sand driers or emulsion has been -obviated by adding to the wet 

an alkaline substance, snch as hydrated .lime or cement, 
which assists adhesion of the tar or bitumen to the sand particles in , the 
presence of water. , ' 

In the case of bitumen, but not of tar, better results are obta.ined by 
the further addition of a special reagent to the binder, .either to improve 
initial coating or to prevent subsequent displacement of the binder 
from .the aggregate by water. This reagent- — ^iron oleate or, other, .metal 
soap — ^is incorporated., at 2 per cent., in the binder as received from the 
oil company. 

2. TypIcaTpractIce in Britain. — Clean sand is selected, containing 

not more than 5 per cent, of clay or vegetable matter, provided m.oisture 
content is .not .in excess ,of .6 per cent, A fair percentage of gravel and 
coarse sand is, desirable, for economy .in binder, consumption of which 
varies, fro,m -4. to 7 .per .cent, according to the grain-size distribution. 
Hydrated lime, equal to 2 or $' per cent., .by weight of' the aggregate, is 
added at the mixer. . ■ 


,3. Mixing' plant. Two types of plant are used : — 

(a) Batch paddle mixers, commonly of 10 cubic feet capacit}", 
driven by 14 h.p. diesel engine. 

A complete unit equipment consists of eight mixers, eight 
250-gailon boilers, twelve lorries and two finishing machines. 

The average output of a mixer is 7 cubic yards per hour, 
giving approximately 500 square yards, 4 inches compacted 
thickness, per day of 10 hours. 

Mixing is longer with the wet-sand process than the dry, 
and takes from one to three minutes, depending on the 
temperature of the material and grading of the sand. 

The processed material is discharged into lorries or 
“ Dobbin barrows and transported to the site of laying. 

(f>) Travelling mixers — types used in Britain : Barber-Greene and 
Pioneer. (Wood's road mixer also used abroad.) 

To serve these machines, the sand is assembled into 
windrows by means of a motor grader or angledozer. 

The cross-section is regulated for the thickness and width 
of carpet to be laid. Hydrated lime is laid in bags on the 
top of the windrow to give the 2 per cent, mixture, the bags 
being opened upon the approach of the mixing machine. 

The mixed sand and lime is elevated to the hopper as the 
•machine travels along the windrow, then passes through an 
adjustable gate, and is met by a jet of bitumen before entering 
the mixing mill. The binder flow is constant and the mix is 
controlled by opening and closing the gate wliich varies the 
rate of flow and aggregate. After mixing, the material is 
discharged ■ at the rear of the machine, either into lorries or 
direct to a finishing machine by means of a belt conveyor. 






Plate 46.— BARBER-GREENE TRAVELLING MIXER, SHOWING MIXED AND UNMIXED WINDROW 
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4. Laying carpet.— -Laying can be done by finishing, machine or by 
hand. The types , of finishing machine in use • are Barber-Greene, 
Jaeger and Adnam. 

The mixed material, after being fed into a hopper by lorry, 
passes to a distributing screw and is then struck off to the desired level 
bv a vibrating tamping board. If hand spreading is adopted, screed 
boards must be set and the material spread to the required level with 
heated rakes. ■' 

Initial rolling is carried out immediately after the mixed material is 
laid. A fiat-plated tractor is used to avoid disturbing the fresh surface. 

This is followed within 24 hours by further rolling with a heavier t 3 rpe 
of caterpillar tractor. Final rolling is carried out a week or ten days 
after laying, with a 6-ton roller. | 

Work can proceed during spells of wet weather, without serious loss 
of efficiency. When much wet weather is anticipated, it is good 
practice to lay a rough 2-inch base course to keep the formation dry \ 
and firm, so that work on the final suiface can proceed without inter- ^ 
ruption. In some cases, a double 3-inch layer of sand-mix will be laid, 
to ensure the efficiency of the upper. 

It has been clearly demonstrated, in several regions, that given clean 
sand within a few miles of the site, the wet-sand process compares 
favourably with any alternative in speed, economy, and final efficiency 
of surface, for all t^’pes of aircraft. 

5. Details of specific airfield (Britain). — ^The following particu- 
lars relate to a big airfield in N.E. England, constructed by the wet- ^ ^ 
sand process:-— 

Dimensions : Runway — 3,000 yards by 250 yards. 

Dispersal bays and loops — 50 feet by 1,500 feet. 

Total area : 833,000 square yards. 

Soil: (a) Surface — arable land. 

(b) Sub-soil — ^heavy undrained boulder-clay. 

Base : 2 inches of ashes or slag dust as a blanket coat. 

4 inches of 3-inch slag, as dug'’ or crusher run, blinded i 
and consolidated. ^ 

Surface : 4 inches compacted sand-bitumen mix. 

Sand aggregate : Coarse sand down to 100 mesh, with approxi- 
mately 10 per cent, small stone. 

Moisture content : 3>-8 per cent. 

Binder : 4^ per cent, bitumen, including the reagent, ('* S.R. ) 
or special road oil). 3 per cent, of hydrated lime. 

Plant : Six 6 cubic yard scrapers (Le Toumeanh 
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Progress was governed by speed; of -work on' forniation and base 
courses. Average .progress on runway, 18,000 yards per week, with a 
record, week of 42,000 square yards. The w^hole task took IfJ months, 
of which 7 months were on surfacing, with 30 days .lost through rain.' 
and snow. ^ 

.With the layout employed, a surfacing rate of 40,000-“50.., 000 yards 
a week could be maintained under favourable conditions, just as . com-: 
parably, 50,000-60,000' yards a week is .readily attainable, wdth the dry- 
sand process, in a hot and arid climate. 

■ Section 88.— BITUMEN- STONE (GROUTED) . 

1. Example of grouted stone airfield constructed in 1§43 
near Tunis 

: Task : Paved runway of 1,550 yards by 50 yards wide, -with taxi- 
tracks, access roads and 100 hardstandings. 

2. Owing to limited choice of area, the airfield was built on low-lying 
ground. The water-table in summer was at a depth of 3 feet and just 
below or at surface level in winter. 

The soil was a mixture of clay and silt, treacherous when wet, but 
of adequate bearing strength in a dry state. 

The specification provided a 4-inch thickness of graded stone 
(4 inches-| inch), with a IJ-inch wearing course, sprayed with bitumen 
at 1 gallon per square yard. 

Cross-fall for the paved area of the landing lane was 1 in 75, and the 
fall from the haunches of the paved area to tne edge of the landing lane, 
at 1 in 82, was designed to balance cut and fill. 

3. Troops employed were 

One Airfield Construction Group, H.Q. 

One Artizan Works Company, R.E. 

One Mechanical Equipment Section, R.E. 

One Quarrying Company, R.E. 

Three companies Pioneer Corps. 

Average working numbers from these units totalled 900. Later two 
companies Pioneer Corps were added and for the final four -weeks, 
number of men at work was 1,300, excluding administration and 


maintenance of plant. 

4. Plant available : — 

Description 

First 8 weeks 

Final 4 weeks 

Tractors, Class I 

7 

10 

Tractors, Class II 

4 

3 

Tractors, Class IV 

2 

7 

Scrapers, 12-yard 

6 

8 

Scrapers, 8-yard 

■■■■ 4 

4 

Scrapers, 4-yard 

1 

2 

Tournapull-drawn scrapers 

1 

7 

Motor graders 

3 

4 

Blade graders 

2 

1 

Excavators (19 R.B, and 10 R.B.) 

2 

3 

Dumpers 

8 

18 

Diesel rollers 

3 

3 

Rollers tractor-drawn 

3 

3 

Tar tanker and sprayer (each) ... 

— 

1 

Tar boilers 

... — 

2 


Also one Fordson tractor, face shovel (J-yard), Athey loader, com- 
pressor and mobile crane. 





■up aprons. 144,450 square 


Chippings 


Bitumen 


Runway 


Warming-up 

aprons 

Taxi-tracks ... 
Perimeter track 
Dispersals 


Totals 


supplemented 

sources, at 10 and 13 miles distance. 

4-inch gauged stone 
3-inch gauged stone 
1 J-inch gauged stone 
i-inch gauged stone 
•Dust ... 


17,721 cubic yards 
3,637 cubic yards 
8,454 cubic yards 
1,280 cubic yards 
642 cubic yards 

31,734 cubic yards 

3-ton lorries and Decauville railway 

^ and partly by 

■Kound trip, 3 nules, averaging 75 minutes'. 
:er-bound roads in poor condition). 

occasionally'bv 19 
-ptom. mto 3-ton tipping lorries, 

np, 3 mOes, averaging 52 minutes. 

SIS tog- “'i I""-! 

TP. 26 miles, averaging 130 minutes. 


! 

■ Eartli- 
works 

cu. yds. 

Base coat. 

Stone 

4 ins. and 
3 ins. 
cu. yds. 

Siirface 
coat. 
Stone 
i| ins. 
cu. yds. 

77,200 

1 

16,486 

7,133 

13,600 


2,188 

23,000 

5,834 1 


23,550 




15,000 

i 

■ [ 

j 152,350 

22,320 

9,321 
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7. Output of plant 

(а) Scrapers.— Cut and fill on runway. 

® B 8 + 12 -yard scrapers 

yards perd^y;^ to 2.620 cubic 

Work done represented :— 

12-yard scraper — 46 cubic yards in one hour. 

8-yard scraper — 31 cubic yards in one hour. 

(б) Tournapiill-dy awn scrapers 

sea to dispersals, taxi-track and peri- 
meter track, distance of round trip— three miles ^ 

null of ^19 representing an output, per Touma- 

pull, of 12-3 cubic yards per hour on a three-mile round trip. 

(c) Quarry plant outputs 

One 50-ton/hr. crusher 23,800 tons in 61 days=31 tons per hr. 
One 25-ton/hr. crusher 3,130 tons in 16 days= 12 tons per hr. 
Two lO-ton/hr. crushers 1,890 tons in 31 days = 4 tons per hr. 

(each) 

[d) Bitumen plant 

1 non® t-500-ga.llon sprayer, one 3,000-gallon tanker and two 
l,u 00 -gallon boilers. 

bitumen (M.C. 3) were sprayed over an 
area of 68,970 super yards in two-coat work, and 14,450 super 
yards in one-coat work, in 130 working hours, including del^s 
not attributable to the distributor. 

Average per hour, 530 square yards in two-coat work plus 
1 1 1 square yards in one-coat work. • 

Section 89.— BITUMEN STONE.— PLANT MIX 

The following specifications were adopted by U.S. aviation engineers 
TV? construction of bomber airfields, upon mixed loam soils in 
North Africa. 

Carnatic conditions : summer-dry, with heavy winter rainfall render- 
ing impermeable soil unfit for traffic. 

(а) Formation, — ^Natural soil fill for crown of 15 inches, 95 per 

cent, compaction, providing 1 per cent, fall across runway £id 
shoulder. Width of runway 100 feet, with shoulders 40 feet 
each. 

( б ) Base course . — 4 inches of decomposed limestone (“ caliche ”) 

compacted at optimum moisture content of 10 per cent, with 
wearing course of plant mix bituminous stone. 

(c) Pavement.— 2 inches of stone crushed to 1 inch. Not more 
than 40 per cent, to pass tl^e No. 4 sieve and not more than 5 per 
cent, to pass the No. 200 sieve. The aim was to produce this 
stone as crusher-run without s 



5. Work involved : — 

Grouted stone : Eunway and warming-up aprons. 144,450 square 
yards. 

Pierced steel plank, mostly with base course of sand 3 inches thick. 

Warming-up aprons ... ... 4,000 square yards 

Taxi-tracks ... ... 38,700 square yards 

Perimeter track ... ... 20,000 square yards 

Dispersals ... ... ... 30,000 square yards 


Base coat. Surface 

Earth- Stone coat. Chippings Bitumen Sand 
works 4 ins. and Stone 

3 ins. l|ms. 

cu. yds. cu, yds. cu. yds. cu. yds. tons cu. yds. 


Kerced 

steel 

plank 


Runway 

Warming-up 

aprons 

Taxi-tracks ... 
Perimeter track 


6. Supply of materials 

(a) Poor quality limestone 1 J miles from the airfield, supplemented 
' stone from other sources, at 10 and 13 miles distance. 

Stone used 4-inch gauged stone = 17,721 cubic yards 
3-inch gauged stone — 3,637 cubic yards 

1^-inch gauged stone = 8,454 cubic yards 

i-inch gauged stone = 1,280 cubic yards 

.Dust ... ... =55 649 . nnKir? Itrarric 


inauiage to site, 3-ton lorries and Decauville railway, 

Decauvilie Loading, by 19 R.B. excavator and i 
railway hand. •' 

5 trains of 12 skips of 1 cubic yard ca 
Round trip, 3 miles, averaging 75 mi: 

Lonies (on water-bound roads in poor condition). 

(i) Lc^chng direct from crushers and occasional! 
K.tj. excavators, into R-trin 



7. Output Of plant ' 

{(z) ScfupBTs.-‘^Oiit and 'fill on runwav. 

77,200 cubic yards in 29-5 days by three D84- 12-yard scrapers 

and four 1)7 + 8-yard scrapers, equivalent to 2,620 cubic 
■ yards per day. 

Work done represented - ■ 

12-yard scraper— -46 cubic yards in one hour. 

8-yard scraper — ^31 cubic yards in one hour. 

(b) Tournapidi-drawn scrapers 

Carrying sand from sea to dispersals, taxi-track and peri- 
meter track, distance of round trip — three miles. 

12,970 cubic yards of sand in 17-5 days were collected and 
carried by six Tournapulls representing an output, per Touma- 
pull, of 12*3 cubic yards per hour on a three-mile round trip. 

(c) Quarry plant outputs 

One 50-ton/hr. crusher 23,800 tons in 6 1 days = 3 1 tons per hr. 
One 25-ton /hr. crusher 3,130 tons in 16 days = 12 tons per hr. 
Two lO-ton /hr. crushers 1 ,890 tons in 3 1 days = 4 tons per hr. 

(each) 

{d) Bitumen plant 

One 1,500-gallon sprayer, one 3,000-gallon tanker and two 
1,000-gallon boilers. 

329 tons of liquid bitumen (M.C. 3) were sprayed over an 
area of 68,970 super yards in two-coat work, and 14,450 super 
yards in one-coat work, in 130 working hours, including delays 
not attributable to the distributor. 

Average per hour, 530 square yards in two-coat work plus 
111 square yards in one-coat work. - 


Section 89.— BITUMEN STONE.— PLANT MIX 

The following specifications were adopted by U.S. aviation engineers, 
in the construction of bomber airfields, upon mixed loam soils in 
North Africa. 

CMmatic conditions : summer-dry, with heavy winter rainfall, render- 
ing impermeable soil unfit for traffic. 

{a) Formation . — Natural soil fill for crown of 15 inches, 95 per 
cent, compaction, providing 1 per cent, fall across runway and 
shoulder. Width of runway 100 feet, with shoulders 40 feet 
each. 

(6) Base course . — 4 inches of decomposed limestone ("'caliche"’) 
compacted at optimum moisture content of 10 per cent, with 
wearing course of plant mix bituminous stone. 

(c) Pavement , — 2 inches of stone crushed to 1 inch. Not more 
than 40 per cent, to pass th^ No. 4 sieve and not more than 5 per 
cent, to pass the No. 200 sieve. The aim was to produce this 
stone as crusher-run without screening. 



{d}: Shoulders, — Base course a minimum of 2' inclies with a sealing 
' coat of bitumen (a cut-baek witli' 23 per cent, kerosene 

or petrol) at 0-3-0 *4 gallons per square yard. 

-Eunway seal course . — A top seal course was laid, to reduce 
heat abiorption, of crusher fines or sand spread at 20 lb. per 
square yard. This course vras applied 24-48 hours after the 
paving and rolled into the surface by tandem or rubber-tyred 
rollers. 


{f} Taxidracks and hardstandings . — Hardstandings, turnouts and 
bends constructed to the same specifications as the runway, 
but the straight portions of taxi-tracks were given a base 
course of 5 inches and pavement of inches. 

(g) Mixing . — All mixing by means of Barber-Greene travelling 
plant. Binder : 7 per cent. M,C.3. A thin layer of natural soil 
was spread by hand over the grouted surface. 


Plate 47.— BARBER-GREENE BIT-STONE WINDROW 
ON TAXI-TRACK. TUNISIA 


■ ^ 3 ! . 

: Section^ :^ 

L Example of , low-grade aggregate airfield constructed in the south 
of England. 

.The task comprised three runways totalling 4,400 yards in length, 
representing 220,000 square yards of patted area, for rapid completion. 

2. With the time, plant and labour available,. , usuah specifications 
could not be adopted. The following specification was accepted : — 

3 inches clinker, base. 

8 inches gravel from pit face. 

3 inches tar-grouted flints. 

The stone comprised a high percentage of flint from 3 inches to 
IJ inches, and gravel from 1 J inches down to | inch, with a chalk and 
clay-like binder. 

3. Approximate total quantities were 

Clinker, 20,000 cubic yards. 

Wall ballast, 45,000 cubic yards. 

Washed flints, 20,000 cubic yards. 

Tar, 350,000 gallons. 

4. Work done : — 

{a) Clinker was hand-spread and rolled to a consolidated thickness 
of 3 inches, by means of 2|-ton rollers operating longitudinally 
and transversely. 

(6) Foundations consisted of gravel '‘ballast"’ spread by hand 
and rolled in two layers, to a consolidated thickness of 8 inches. 
Success in the use of this material lies in strict control. The 
larger flinty aggregate is laid first, followed by the balance, 
composed largely of binding gravels. 

The first layer should be rolled with 6- or 10-ton rollers, 
according to the weather, the second layer being consolidated 
with 10- or T2-ton rollers working both longitudinally and 
transversely. 

(r) The grading of the surfacing consisted of a full tar-grouted 
coat of 2-J--1J inches washed flints, laid to a consolidated 
thickness of 3 inches and surface dressed wnth J-inch chippings. 

® All material was levelled and spread with a Class IV bulldozer, 
and half a dozen experienced spreaders followed up, taking 
out any minor irregularities. The surface was then roiled 
by 10- "or 12-ton rollers, and grouted with No. 2 road tar, by 
pressure tank sprayer, at the rate of | gallon per square yard. 
A layer of J inch to f inch washed gravel was then spread at 
250 square" yards to the cubic yard and lightly roiled. A 
further application of smaller gravel, J inch to ^ inch, was 
spread two to three days after the grouting at the rate of 
150 square yards to the cubic yard, and surface rolled true 

^ to shape. When the tar had set, a further application of tar 
w^as made at the rate of J gallon per square yard and |-inch 
chippings were spread at the rate of 250 square yards to the 
cubic yard, and the surface thoroughly rolled both longitudin- 
ally and transversely. 

To avoid loose chippings on the runway, the surface was 
finally sprayed with tar at the rate of 6 square yards to the 
gallon and rolled. ^ 
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'■*:■■?"•. ■ \ rolled. 

(f:) Surface dressing : bituminous binder applied at ^-th to Jth gallon/ 
square yard, ^vered with clean dry aggregate (J inch down) 
and rolled. Subsequently, a second coat of Jth gallon/square 
yard of bitumen covered with 15 lb. of sand. 


. Plant available for the work :~ 

Skiminers and excavators . . 
Mechanical , loading shovels , . . 

Bulldozers, . 

Rollers ... ' . ... , ... 


II 

3 

3 

25 


Mechanical rammers 
Lorries ... 

Dumpers ■ 

Horses and carts 


6. Personnel employed - . ■ 

Staff 

Resident engineer 
Assistant resident engineer 
Plant manager 
Storekeeper , ■ . 

Material checkers 
Two clerks 
Two timekeepers ■ 

The unskilled labourers were casual workmen recruited locally. 


Labottr 

General foreman 
Gangers 
Sub-gangers 
Leading hands 
Labourers 


5 

4 

7 
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Section 91.— BITUMEN OR TAR—STONE 


1. Base course of compacted gravel or crushed stone of varying 
thickness to suit sub-grade strength. For aprons, hardstandings and 
taxi-tracks, base consists of two 3-inch layers of gravel or water- 
bound macadam. 


2. Surfacing is by either hot-mix asphalt or bituminous penetration, 
according to the availability of plant. With the penetration method 
more thorough surface dressing is necessary than with hot-mix. 


(a) Hot-mix. — Crushed stone aggregate, graded from 100 per cent, 
passing 1-inch screen to 10-25 per cent, passing 10 mesh. 
Heated between 200 degrees and 275 degrees F., mixed with 
the mineral filler and then with 4-6 per cent, bitumen, heated 
to 175 degrees-275 degrees F. Spread by mechanical finisher, 
with help of rakers, and rolled with tolerance of J inch under a 
10-ft. straight edge. 

Sealing coat of 90-93 per cent, of fine aggregate (minus 
J-inch screen), mixed with 5*5-10 per cent, bitumen and spfead 
at 35 Ib. /square yard. 


( 6 ) 


Alternative : bitumen penetration wearing course. Crushed stone 
minus 2|-inch and plus 1-inch circular screen, laid and com- 
pacted on prepared base to a depth of 2| inches. Bitumen is 
sprayed on at rate of 1*25 to 1-40 gallons per square yard. 
The surface is immediately covered by a layer of stone passing 
the 1-inch and retained on f-inch circular screen, rolled until 
all voids are filled, and sealed with bitumen sprayed at the-rate 
of I gallon/square yard covered with finer stone and again 
roHed. 



; Section 92.--™BiTUMEM~GMABED STONE ■ 

1. Carefully ■ graded ^ stone with an emulsion armour coat has been 
used ocGasionally in airfield construction to reduce the tonnage hauled 
and to facilitate work during wet weather. In America, this material 
is called * theoretically graded stone/' representing a combination of 
aggregate sizes, in which the voids between larger particles are pro- 
gressively filled with smaller particles and so on down to minus 200 
mesh dust. 

2. Airfields have been built in England with a thickness of 5 inches 
graded stone, for fighter and ultimately for bomber service. Two 
examples, representing a total of 400,000 square yards in runways 
and tracks, are described below : — 

(a) A 3-inch layer of quarry waste, roiled into a sub-grade of 

permeable sand. This stabilization of surface was chiefiy 
required to assist transport during the construction period. 

(b) inches of graded stone, laid and consolidated in two layers. 
Sealing in both cases with tar or bitumen under a wearing 
course which consisted of a f-inch armour coat of |-inch 
chippings and bitumen emulsion. 

3. The bottom layer of (6), inches consolidated of graded stone 
{IJ-inch to J-inch), was spread at the rate of 13*4 square yards to the 
ton, with an 8-foot blade grader. Fines, J inch to dust, were then 
spread at 29 square yards per ton. The stone and fines were mixed by 
chain and spike harrows, watered, graded and rolled. 

The top coat, 1 J inches of consolidated 1-inch to J-inch stone, spread 
by blade grader at 15-4 square yard to the ton, followed by fines, J inch 
to dust at 42 square yards to the ton, all harrowed and compacted. 

Sealing was done with a spray of cut-back — a low viscosity tar- 
bitumen compound (180 degrees F.) at 4 yards to the gallon. 

An “ armour coat " of |-inch granite chippings was then spread at 
60 square yards to the ton, sprayed in two days' time with quick- 
breaking bitumen emulsion at 3 yards to the gallon and covered with 
f-inch granite chippings at 90 square yards to the ton. After rolling, 
a second emulsion spray at 4 yards per gallon, followed by dusting at 
180 square yards per ton and final rolling. 

For heavy service, this armour coat should be increased to 1 inch or 
If inches thick. 

4. Grading. — ^The pennissible reduction in thickness of material, 
which calls for better facilities for preparation than normal hardcore, 
is due to the properties of well-graded stone. Voids are less and the 
dust, acting as a binder, adds mechanical strength to the layers of stone. 

A grading recommended for this type of construction is as follows : — 

Per cmt. 

1-inch to plus f-inch 30 

Minus f-inch to plus |-inch ... 23 

Mihus f-inch to 10 mesh ... ... ... ... ... 14 

Minus 10 to 50 mesh ... 13 

Minus 50 to 200 mesh ... - ••• 3 

Minus 200 mesh 12 


The inclusion of a substantial clay fraction is important. 


1S4 





5. Finally, a coarse-textured asphalt coat, of f-incli stone chippings, 
straight hot bitumen and some limestone dust, was added., 

6, The maximum rate of progress attained., under war difficulties, 
was 4,000 square yards per day, but' the average was much lower. 

Section 93.— BITUMEN— HE AW SOLING PRACTICE' : 

1. Road construction methods, involving the use of heavy soling, are 
generally unsuitable for war-time needs owing to the big tonnages 
involved and the comparatively slow speed of work. Many such air- 
fields, however, representing several million square yards of pavement, 
have been built in operational areas in Middle East under the following 
conditions : — 

{a) Bad cotton soil sites, without any alternative. 

(fe) Availability of big supply of local labour, experienced in road 
work. 

(c) Demand for heavy service during four winter months with rain- 

fall of 20-40 inches. 

(d) Long period of dry weather available for construction, during 

which adequate fair-weather landing grounds could be used. 

(e ) Local bitumen supplies, 

(/) Some local transport. 

2. For the most treacherous cotton soil, the usual specification 
was : — 

Underlay of coarse sand or gravel ... ... 8 inches 

Limestone soling, well shaped, laid and chinked 8 inches 

Grouted metalling 2J to 3 inches 

Sealing coat, chippings inch 

3. A two-runway airfield, with taxi-tracks and standings, totalling 
240,000 square yards, represented 150,000 tons of stone, gravel and 

■■"'sand. 

Economic speed of work was 2,000 square yards per day, employing 
about 800 supervisors and labourers, sub-divided as under upon typical 
,, tasks ' - 

Formation jjq 

Underlay ... ... ... ... ... ... ... 150 

Soling ;;; ;;; i8o 

Metalling ... ... ... ... .. ||q 

Grouting ’[* 60 

Sealing coat ... 

Kerbstones ... 59 

Drainage 70 

In addition, 500 labourers were employed in quarries and 011 crushers. 

4. The conditions prevailing in such a task are characteristic of the 
Middle and Far East when it is practicable and economically advisable 
to make full use of local resources. 

5. For satisfactory progress upon a big airfield sited on bad cotton soil, 
a four months' spell of fine weather is essential. But where risks must 
be taken and heavy maintenance demands are relatively unimportant 
any thin impervious covermg— such as sand-bitumen mix— represents 
a good speculative alternative, provided the cotton soil can be covered 
before deterioration by winter rains. 
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CHAPTER 14 

CONCRETE RUNWAYS 

Section 94.— GENERAL ' • 

^ 1 . It is generally accepted that the best form of construction for heavy' 
aircraft and permanent heavy service comprises a concrete pavement, 
not less than 6 inches thick, laid upon a sound base course. 

„2. .Outside the United Kingdom, India, and U.S.A., there has rarely 
been occasion to build military airfields of such durable features. 
Short-term wearing qualities in theatres of war are held more promi- 
nently in view than bearing capacity or life under practically unlimited 
repetitions of stress. 

3. In the design of concrete runways for civil aviation, a factor of 
safety is applied upon an assumption of failure through fatigue induced 
by stress repetitions over a life of 30 years. In operational areas good 
service for two winters, without heavy maintenance, may be considered 
a reasonable objective. 

4. Military engineers may be called upon to build runways, aprons, 
turn ng circles and hardstandings in concrete, because the resources 
required are found to be the most readily available, or because the 
sub-grade strength cannot be brought up to the standard necessary 
to support a flexible pavement by any better means. 

5. Under war conditions abroad, the use of concrete specifications is 
commonly restricted by a shortage of crushing plant of eflicient capacity. 

6. In the following Sections, examples will be given of common practice 
in airfield construction, and attention drawn briefly to features charac- 
teristic of such tasks. Normal practice is covered fully in Military 
Engineering, Volume XIV, Concrete and Volume V, Part I Roads." 


Section 95 .—PORTLAND CEMENT APPLICATIONS 

1. The type of rigid pavement, utilizing Portland cement, will be 
selected, in light of local conditions and resources, from the following : — 

[a) Premixed concrete, with or without reinforcement, usually con- 
taining about i ton of cement pfer cubic yard. 

Cement grouting or " Colcrete " containing ton of cement 
per cubic yard. 

{c) Soil cement, containing 8 to 14 per cent, of cement by weight 
of the dry soil. 

2. Lean-mix roller-compacted concrete, containing | to J ton of cement 
per cubic yard, may give good service as a base-course on permanent 
airfields. 



Section 96.~~C0NCRETE RUNWAYS (ENGLAND) 

The following extracts are from a typical specification for un- 
reinforced concrete runways in United Kingdom. 

1 . On completion of excavation, finished formation levels are obtained 
by blinding the excavated surface with ashes or gravel, if the site is 
dry. When the site is naturally wet, or liable to weakening by bad 
weather, during construction, mass concrete (12 : 1) may be used to 
protect the sub-grade and form a base-course for the concrete slabs. 

2. Concrete specifications from which selections are made for different 
tasks, are classified 

]] A ” 1:8 mixed aggregate, maximum 2 inches. 

‘‘ B " 1:6 mixed aggregate, maximum 1 J inches. 

" C ” 1:5 mixed aggregate, maximum | inch. 

Precast 1 : 4 mixed aggregate, maximum J inch. 

Grade B is normally used in runways. The following thicknesses 
are adopted, for general heavy service, unless exceptional loads are 
specified : — 

Strong sub-grade Gins 

Medium soft clay or fine sand ... * “ 7 j^s* 

Sins.' 

Bays— -24 feet by 16 feet 8 inches. 

Reinforcement is provided in pen walls and precast drain covers. 

3. For camoufiage purposes, a textured surface coat of 
free from shine in pervious asphalt can be advantages 
Texture depth, not less than 0-75 inch. On a concrete 
coat is 1 inch thick, consolidated. 

Grading of aggregate : — 

i to J inch 
i to I inch 
i inch to 200 mesh 
Filler 

Dried and mixed at 120 degrees F. 
per ton. Roller for consolidation not 1 


10-11 gallons 


(4 
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inches of reinforced, vibrated concrete. 

4 000 Ih af+of^*« ’,q ^ finch. Maximum strength 

4,0001b., after 28days. Expansion joints are proiided. . 
Drainage . ■ ' 

(i) Runways-— 6-incii drain increasing to 36 inches on both 
sides of runway. Catchpits ever^^ 75 feet. Concrete 
haunches for larger pipes. 

(ii) Taxi-tracks.—Drainage as for runways, but only on one 
side of taxi-track. 

Rumvay and taxi-track drainage merges into three 48-inch drains 
culmmating m four 54-inch drains, thereby allowing for future LtLsion 
of the system. Final discharge is through an oil trap into a natural 
watercourse. No drainage under runways or taxi-tracks. Herringbone 
drainage, where necessary, at side of runways. 


y 







Section 98.— REINFORCED CONCRETE (UNITED 
KINGDOM) 

1. Reinforced^ concrete has not been used for runway and subsidiary 

pavements to the same extent as unreinforced concrete and other 
materials, but some millions of square yards have been laid, in England 
alone, in this type of construction. ■ 

detailed analyses of sub-grade, varying from well-drained 
sand to the worst of water-logged clay or made-up ground, and without 
close study of results under the test of time and service, no firm com- 
parisons of practical value could be attempted. 

2. Advantages claimed by engineers who have adopted reinforced 
concrete specifications are : — 

{a) Speed.— On indifierent sites, work may be commenced with less 
consideration of sofi conditions, the additional flexural strength 
given by the reinforcement balancing minor weaknesses in the 
sub-grade. 

(b) Economy, notably in transport.— Where a construction stronger 
than 6 inches of plain concrete on 3 inches of ashes is required, 
the addition of a layer of reinforcement at Is. 9d.-2s. per 
square yard, is an economical way of adding strength, and so 
aiding crack control. ^ , 

3. The pavement has generally been made 6 inches thick, of 1 • 2 * 4 

mix concrete, laid on 3 inches of consolidated ashes. On soft ground 
rolled hardcore from 3-12 inches thick, and exceptionally more, is 
laid under the ashes. The paving is divided into slabs not more than 
500 square feet in area, to allow for expansion and to take available 
sizes of steel fabric. Expansion jointing material between slabs t inch 
to i inch thick. ^ 

4. The usual reinforcement is high tensile 6-inch square mesh steel 
fabric in one layer, weighing 5-2 lb. per square yard and placed about 
1 inch from the underside of the slab. Later opinion favours the 
placing of a single layer of reinforcement about IJ inches from the top 
side of slab, to give greater strength at the comers and edges. Excep- 
tionally, two layers have been used. 
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concrete is -covered 1 inch of' **. pervious asphalt or.' 

iterial for toning ■do'ivii or reducing wear on aircraft .tyres., , ■ 


7. Quantities, labour and plant, 
average quantities have been ; — 

Excavation and clearing 
Ashes or clinker ... 

Concrete 

Steel fabric (single) 

Drainage 

Labour ; — 

Average number of men employed 
Plant — average quantity available 
Skimmers and excavators ... 4 
vScrapers, 8-yard ... .* ’ * 0 

Bulldozers and tractors *.*.* 4 
Concrete mixers, 14/10 vard... 8 


runway, 


20.000 cubic yards 
4,200 cubic yards 
8,400 cubic yards 

51.000 square yards 
3,500 lin. yards 


Graders 

Lorries 

Dumpers 

Rollers 


8. Time of construction.— Nearly a 
in reinforced concrete construction have 
speed has been attained, wl 
weather has been favourable, 
been unnecessary. 

Best results have been obtained 1 
square yards where the time lost 
routine efficiency is proportionately small 

An analysis of work done upon 22 
the following average working times 

(^) 10 tasks less than 100,000 square yards 


in England 
:y. A good 

, , - ^ * - available, 

and where heavy preliminary work has 

upon runway tasks of over 100,000 
- on preparations and building-up 

airfields (33 runways) shows 


4,400 square yards 




s™ M.-OONaRETE CONSTRUCTION METHODS 

AmeriL invoh^tte u^^of important runways in 

spreading and finishing. ^^c^ianical, pavers for mixing, placing, 

2. Common features of practice are as follows 

cement may be SoveH ^ (" h/gh-^arly-strength ") 
runway to service CempTit opening of the 

cubic yard of finished concrete^ 

""SIS <o 60 par cut. 

a slump of I iLheTh ron Jr,f n ^ 

for hand tamping and blatog ""a<=hine. or 3 inches 

gallons per bag of cernent^^' 6— U.S. 

and screening is at 

plan^or at an^ nVo P’^"* the mixing 

Rtch truchs loaded on to 

the batcher and paver*or mlfbtTar?''ri beUveen 

when travelling mixers are use^ ^ aggregates 

(e) trip® ^re ^ '"^1 

^itvfngiltb^Z'" ^ I’^oket which travels on 

machine travels on the forms fnre 

£141 ® It® approximate 

Ptms/ieK—The finishing machine rides on the forms in the 
same way as the spreader. It has a front screed vibrator 
final irregularities are smoothed out 

edging and tr£i4“S£ “ 

jSiS! n r,'sr,t."s 

of transverse expansion joints, 50 to 120 feet After nirintr 
jomts are cleaned out 4d filled with Lrbitu^ouS 

filler such as a heaVy grade of tar or bitumen. ^ 


(f) 


(;•) 


I ^'.Jn .-American practice, the outside edges of slabs nlnnir ^-ha 
longitudmal expansion joints, are thickened over, to 'a 4dfh 5 

most4rq?i4£ P“-t strength where 



Section lOCl.— CONCRETE RUNWAYS (U.S.A.) ^ 

L llilitary airfieMs in U.S.A., for heavy bomber or transport air- 
craft, are constructed in a wide range of types, in concrete or bituminous 
materials. 


2. Some examples of concrete construction are given below, to illus- 
trate trends of current practice, in wMcli the consistent strengthening 
of haunches and absence of reinforcement, with utmost stability in the 
base-course, are the outstanding features: — 

(a) Runways, totalling 375,000 square yards, in concrete of 7 inches 
minimum thickness, have been completed by U.S. Army en- 
gineers in 70 days. 

(i) The task represented the regrading and enlargement of a 
small airfield of bituminous construction. More than 
ISO acres of woods were cleared and 260,000 cubic yards 
of soil removed. 

(ii) The sub-grade was a well-drained sand, good enough as a 
foundation for concrete, but a stabilized sub-base of 
gravel-clay increased speed of work by providing a hard 
surface for lorries used in construction. The sub-base 
was 5 inches thick. 

(iii) The^ three 1 ,667-yard runways were each constructed in six 

25-feet wide concrete lanes of 10-7— 10-inches cross- 
section. Dowelled transverse expansion joints, pre- 
moulded, were placed at every 100 feet, dummy con- 
traction joints at every 20 feet, and longitudinal 
dummy contraction joints down the centre of each lane. 
Joints between lanes were of the keyed, tongue and 
groove t5?pe, 

(iv) The concrete mix design was 510 lb. to the cubic yard to 

give a compressive strength of 2,500 lb. at 28 days. 

(v) Gravel-clay for the shoulders was produced at a local 

gravel-pit by two portable crushers, into which the 
necessary clay was fed to give the soil mixture a 
plasticity index 'V of 8—12. The shoulder material 
was kept 2 inches below the final level, except at runway 
edges, to allow for addition of topsoil and seeding. 

bomber concrete runway, in the Western States. 
1,940 yards long by 67 yards wide, was built at the rate of 
4,500 square yards per day. The 25-feet lanes had an 
8-^-mches cross-section, with the 6-inch thickness to within 
2 feet of each side and a dummy joint down the centre. The 
constant checking of water content was held to be extremely 
important as the finished concrete had to be subiected to 
heavy loads. The mix was 470 lb. of cement to a cubic yard 
of concrete. ^ 

(c) A big ^r-ba^, with three 1,850-yard runways and parking 
space for 1,000 aircraft, was built in 90 days, employing both 
concrete and bituminous specifications. On two of the 
, , , railways, ^d the middle 600 yards of the third, a central 
^p of 50 jsiards in width was surfaced with unreinforced 
concrete slabs, 12i feet wide, with a lO-S-lO-inches section on 
a crushed rock sub-base. . . ■ 


S surfacefudf^ ^ compacted 

LScSiSt w slabs were nn- 

cro»JStio^c““„S?/to •'■' ‘“T'*” “' “■■= 

special plant. Normafunited Kinl^om ^ thicknwses and necessitates 
■ cross-sectional deoth anri +r. ^ is to retain a constant 

..cs. joSg; “ ae™» to t.k. 

Seci.o» lOl.-CONCRETE RUNWAYS FOR SUPER-HEAVY 
BOMBERS (U.S.A.) 

n concrete runways for super-heavy bombers is 

^ t£ bIIM® 4?LS oSltngSSJS’ 

AmSc? thaf fofdT??'^ detemJned in 

can be redSed bv 2S ’ f .°PP°f ^ S“gfe, the wheel loading 

of a flexible bitnmfno^r calculating the required thickness 

favoured for siK-hTl pavement In concrete slab construction, 
■d for such heavy service, a wheel-loading of 60,000 lb. is taken. 

thicknesses, for this loading, are given below 

slabs S"not&°'^"^^f- 

siaos and not the edges, which are thickened. 

^ Minimum 

Soil group thickness. 

A. Gravel and gravelly soils down to well-graded sand-clay 

xxxx^/kXUirOS » « « * ♦ ♦ , 

B. -— P(»rly graded sands down to inorganic silts and veiv 

line sands ... 

C. — Clays inorganic and sandy or silty clays down to the 

meSoJs^^^^ capable of compaction by normal 

These values are based on the following assumptions : 

[a) Region not subject to heavy frosts, 

{b) Scientifically compacted sub-grade. 

Thickness may be reduced in groups B and C to a minimum of 
y inches if a well compacted 6-inch base-course of binding 
gravel is laid or an 8-inch base-course of well-graded sand^ 

breaking strength (28-day), in flexure, of at least 
600 ib. per square inch. If strength 5001b., 1 inch is added to 
thickness, and if over 700 lb., 1 inch reduction in thickness is 
allowed. 

3. n the region is subject to frost, specifications are :- 
Average depth ' 

of frost 

48 inches 

36 inches 

24 inches or less, but*] 
not less than pave- i- 
ment thickness. J 


10 


ll 


ic) 


id) 


Thickness of 
base course 

18 inches 

and 

Thickness of con- 
Crete pavement 

9 inches 

12 inches 

and 

9 inches 

6 inches 

and 

10 inches 

or 

12 inches 

and 

9 inches 
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(c) Thickness of concrete will be increased or decreased, on breaking 
strength tests, as specified for non-frost construction. 


Section I02.-CEMENT GROUT (COLLOIDAL CONCRETE) 

recommended as an alternative to ordinary con 
Crete construction m certain circumstances. It was widely adopted for 
^°rthern France, during the severe winter of f939-40. 
airfields were wholly or partly constructed by this method. 

sMar m^Saro”n'rh^°^ spreading a layer of macadam, hardcore or 
o ™®'^®rial on the prepared formation and filling the interstices 

TnS™ r.t‘ »'>' ‘ P">p™*4 mSS 

local bo Pl-ood la tte light of 

(a) Advantages r — 

^^Srttd p and easily 

not bring all work to a standstill— 
the spreading of aggregate can be continued. 

(m) A wide range of aggregate sizes is practicable. 

(iv) A good all-weather surface is provided. 

(v) Little of the labour need be skilled. 

(i) Disadvantages - 


Assumptions :■ 


(b) The base course material must be of a type unaffected by frost 
action. : ■' 


{a) Soils subject to frost action are well-graded soils containing 
more than 3 per cent, of particles less than 0-02 mm. in size, 
or if uniformly graded, containing more than 10 per cent, of 
such particles. 


hasty jote hTC. commonly practicable for 
; ; f- the strength 

side by side.^^A rotor Tnthe^e^ofeach'-^^ mounted vertically 
enpne In the first taSr the^mert “Lelv^r 
and the mix is passed at hiph sueerl thm dispersed in the water 
ar nign speed through a narrow outlet into the 


mS?oncreTe“°“ ^ than 


second ■ taiik, wliere saiicl is ad a • js- • 

grout. Finally, the finished grout is water-cement 

m the second tank. The power unit by the rotor 

mounted on a chassis fitted wdth forming the mixer are 

assembty weighs P ■ -^iiiatic-tyred wheels. The whole 

materials Mck rub£f*^'v 

the grout. Its weight must^n/ Kf , ^ which will not float on 

If lighter materials^a?eS cubic foot. 

a Shallow layer of grout to set ^Klng^o" afS d^t^ 
of 5eceram Sg®1fS UVn'^f tV dimensions 

the grout will floltoLr tL to“tth.^,‘f^^^ *5® ^^t 

waterproof skin, not less than i inch form a continuous 

will be reduced, however The consumption of grout 

from 3-inches to Sga^S in size, va^ing 

less than 1-inch be used asdii such cf should much material 

can only be achieved by usin- a wSert a of the macadam 

T usm^ a watery grout, too weak for durability. 

from stoM crushersyves^a haS g^^^ h •'’h"i grains. Sand 

and is liable to form voids All^and’sh^'^!^ penetrate easily 

^vith an insignificant moDortfnn^ should pass a No. 7 B.S. sieve, 
the mix are liable to jam^the rotors T*”® stones in 

to\e^^s?d\?TgSt?Z'^ nJac’f t"* imperii ousness 

are taken to ensure a sound ^nh cr provided measures 

from entering the chalk. This is be<S^^^A f exclude all moisture 
with a layer of grout about -i- inrh covering the sub-grade 

the chalk is distributed The qidec allowed to set before 

Hach .hick bcSs “-.h"”. i”£"? »>W 5? P'aciag 

withdrawing them after the chalt w*h°^ subsequently 

space with grout After th! „ ! grouted and filling the 

applieT ® ®ct, a surface coat is 

wa?k'I?Ldurteg3rS^ be 

with the penetration of the broken oif might interfere 

rr4' H V ">■ -TS <»Si‘=.?h':?‘s 

ia tbs normal manner care bein^ taken 
that alljomts are watertight, to prevent loss of aront The 
IS spread between the forL by a^smllTbulldozef mo^^ 
tend, using stone forks and rakes. The level must b“ careSpv eheet^^ 
by working a straight edge ofi the tops of SSis.^ 

^ placed approximately at the centre of an 
O-yard length of runway, this length being grouted in one oneration 

to tteSJ ouS" 
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k) Citrus is 


generally planted on loamy or clayey sands in 
generally p» f _ Siciivl loamy soils are 


trus is generally piantea on lo^^/ - ^ 

citras Dlanted ‘ oe'^sand and 


used. -S^C; Tow^r-' ci^s “pian^d on-sand 

„i, ”s 

Si S roelv gtoand, -hma. .he he.v.e, md deepe, 

vsoils axe re3€i%'ed for grain. - ■ ' ... V 

ip« In summer-drv Mediterranean countries, grain is never aown 
on snndv Sis because of their low water-holding capacity 
This is not the case further north where a more even rainfall 
distribution compensates for this deficiency. 

{/■] In the desert, scrub indicates a _ silty sand, or m Italy an 
impemous red clay (“ barragge ). { 

(g) Cotton may indicate the notorious " ton-soil/ ’ badly dr^ 

® silty clay, readily serviceable m the dry season and extremely 
' ■ difficult to deal with in tbe wet, 

(h) Kushes and willows establish a high water level, which prevents, 

by drowning of roots, the cultivation of fruit or giam. 

ii) Bracken and gorse favour a well-drained soil. 

(;■) In the East, rice is associated w'ith seasonal flcxxling anc an 

underlay of hardpan. ' ■* 

(i^)' Wheat iisually indicates, non-slaking: clay,, 

in Bare land in the midst of cultivation may denote slaking clay 
* ’ or iTsonal flLiing ; in arid districts, the presence of some 

troublesome alkali.- 


3. Generally speaking, in summer-dry districts 
in vegetation are associated with difierences in soil types. In ^stncts 
of more evenly distributed rainfall? vegetative distinctions are .. 
pronounced, aiKi in very humid regions may be almost indeterminable. 


Sbction 46 .-ENGINEER REPORTS AND MAPS 


IT No standard form of engineer propess report, coveri^ 
of construction will be satisfactory. Skeleton forms will 1^ compiled 
bv the responsible engineer formation or unit, appropnate to the 
physical colditions and urgency of the task, and the opportui^ties 
foreclose recording of progress without waste of time and effort. 
Standardization of reports within an area where methods are comparable 
is however, df obvious importance. x , ,. 1 , 

'it is a constant engineer responsibility to report progress of work, 
clearly and speedily, and to record results m some simple form foi 
Air Force formations and Army staffs. 


2. Rapid collection and distribution of information, during , an 
advance; can be most satisfactorily effected by naeans of key maps, 
on a scale of about 1 : 500,000. Upon the margins of these ^ps 
up-to-date replaceable panels of airfield plans, on a scale of about 

1 *: 100.000. are affixed. ’ , , ^ , 

Panels shauM show all essentia! features^ of completed runways, 

strip®, taxi-tracks, dispersal, servicing facilities, and accoimnMation . 
Out^fte tenuin should be covered for about 1 kilo beyond the area 
of ciOTstraetioa. 
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Amendments, and additions, shown on. new: panels, .are distributed 
■promptly to the .holders of map.s, 'for -sticking '"over the outdated inset 
maps, A specimen of such operational engineer map-s, -for adaptation 
to local needs,;is given in Plate 12. ■ 
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Plate 12,-~~TYPICAL AIRFIELD MAP WITH PANELS 


‘3. Detailed tabulations, giving the particulars of each airfield, may 
also be required for despatch to higher formations and for permanent 
records, but the graphic method is more serviceable in operations, 
when heavy paper-work is urgently avoided. Schedules are difficult 
to amen(i for individual items, and th^ re-issue of complete new sets, 
for the large number of airfields •covered in an army area, is likely 
to be too infrequent to meet exacting demands for current accuracy. 

, 4. The graphic representation appeals particularly to air staffs and 
operational units. Airfields are so large and far apart, that their 
location can be reliably indicated upon 1 : 500,000 key maps of rough 
draughtsmanship without fear - or am^ confusion of identity. 



.^ - CHAPTER 6 

DRAINAGE ' OF ■ AIRFIELDS . ^ 

Section 47,; — INTRODUCTION 

1. The technical problems, of airfield drainage are oftem the .ni^t 

pressing and complex .'with- which the engineer has ' 

r-onstants are few and the many ' variables are generally^ difficult . to 
assessr The correct interpretation, of soil and other ... physical,, con- 
ditions, and the adoption of suitable drainage methods, may be es^ntial 
for the continued serviceability .of a field. . Skilful work, or the avoidance 
of needless elaboration, will always be profitable. 

2. The engineer must know his job. He must be confident in his 
decisions, not onlv to attain success and economize resources, but m 
order to convince those who may be asked to meet unwelcome demands 
at the expense of other tasks of more obvious urgency. He obtains a 
high priority when he calls for transport, equipment, and materials 
directly contributing to the creation of runway or dispersal areas. 
Less support may be forthcoming for protective measures against the 
ill effects of rainfall seepage or a rising water table. 

3. The geologic origin of the wide fiats necessary for the successful 
siting of big airifiekis, is commonly associated with unfavourable water 
characteristics. The absence of heavy undulations and erosion channels 
connotes poor run-off, whilst highly permeable soils are generally 
unstable. Low-ipng areas which present the most favourable features 
from the flying and rapid surfacing aspect, will often form a natural 
repository for u^ter from higher ground. 

4. It is common experience to have to make drainage schemes 
conform to some predetermined layout, in the pattern of which the 
drainage features pjay small part. •In war, the first demand is for 
speed in construction of landing and dispersal facilities, where flying 
considerations are good or passable, and locations are tactically suitable. 
The risk of future unserviceability, due to heavy storms or even normal 
rain, will often be accepted or i^ored. 


Section 48.~--GENERAL CONSIDERATIONS 

1. ill an o|)erational area abroad, the main factors governing^the 
drainage problem, upon a particular site, are the following : — 

(a) Topographical features, with special reference to contours and 
natural drainage within the airfield area. Drainage systems 
must be considered in relation to the natural drainage of the 
area and be designed to fit into it. Interference with the 
natural drainage of an airfield is a common source of trouble. 

'(b) Rainfall probabilities, expressed in seasonal distribution and 
storm intensities. ^ 

(c) Soil characteristics, disclosed by survey profiles, analysis, and 
observation. 

The water-table (surface of a subterranean lake) and its seasonal 
changes of leyeL 

(c*) Time and facilities available for work and the degree of immunity 
from flood-risk demanded operationally. 
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2. The drainage;;system:i:iiust;be/ laid '/out remove all 

surface water from the' operating areas, .as. rapid.Iy as possible, without 
causing erosion; . Standing water, even ..outside .the '.run ways and taxi- 
tracks, is a direct menace to aircraft and, if 'allowed to ..remain, may lead 
to detrimental softening of border strips or of track sub-soil. Water 
lying on paved surfaces is a menace to pilots, blinding their wind- 
screens or even damaging their flaps. 

3. Types and dispositions disclosed by the soil profiles influencing 

layout and methods of drainage, are as follows • 

la) Uni form and pervious soil. — ^With such favourable conditions, 
not often found, artificial drainage may be wholly unnecessary. 

ib) Uniform and impervious soil. — ^This condition is* common, it 
becomes urgent to remove runwmy wmter as soon as possible, 
but sub-drainage is unlikely to be needed. The clay-loam or 
'' cotton-soil '' group of soils, so prevalent in summer-dry 
regions of the Mediterranean, fall into this class. Such soils 
become practically impervious after the filling of cracks and 
saturation by the earh^ wdnter rains. 

[c) Pervious soil above and impervious below. — ^These conditions ma\' 

demand sub-drains just above the impervious Ia\’’er, unless 
it is deep enough to cause no trouble. 

[d) Impervious soil above and pervious below. — This condition ma\' 

be met by surface drains cut through a thin top layer. If this 
top layer is very thick, the existence of the permeable soil 
below' may have no practical importance. 

[e) Irregular disposition of pervious and impervious beds . — 

Irregular deposits can only be dealt wdth in the light of the 
ascertained conditions. Such deposits may w^ell*be the most 
troublesome type and call urgently for sub-drainage, evSpecialK' 
where heavy frosts prevail. 

4. A commonly adopted target iif the design of drainage systems 
upon militar}’’ airfields is the removal in three hours of {a) tbRs maximum 
rainfall to be expected in one hour, or {&) the normal daily rainfall. 
Rainfall intensity figures, for many regions, show such extreme 
variations that only the expectation of serious danger or loss of 
service from flooding, w^ould justify full measures against the resultif 
of abnormal storms. 

A storm assumption in excess of average expectations would be 
justified only as a safety factor. But however accurate this rainfall 
estimate, all calculations based upon it are liable to be highly con- 
jectural, as applied to the capacity of drains and pipes hastily installed 
under war conditions. 

Lacking data for rain intensity at specific localities in regions where 
the annual figures are known, acceptable assumptions of drainage 
capacity requirements can be made by deduction. In countries with 
sharp vSeasonai variations, as in North Africa and the East, a single 
day’s rain will normally vary from 5 per cent, of the annual figure, 
where precipitation is moderate, to 10 pef cent, for regions of heavy 
rain. * 

In England and Western Europe, with a higher number of rain-days 
of lower intensity, more evenly distributed throughout the year, these 
proportions are reversed. A safe assumption, without reference to any 
particular site, would be a single day’s rain of 8 per cent, of the annual 
precipitation, where low rainfall prevails down to 4 per cent, for West 
Coast regions recording over 100 inches annually. 
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..■ ■■ ■ ■ Sbctiok 49. — RUN-OFF 

L Riiivof! plus percolation equals rainfall, the effects of eva.poration 
and* plant transpiration being of no account during storm periods. 
Percolation estimates %vill be heavily afiected by the records of rainfall 
preceding the storm. At the beginning of a wet season or after a fine 
spell, percolation is great compared with subsequent phases when 
surface saturation retards the process. Run-ofi percentage increases 
with storm duration, for similar reasons. , 

The following table (U.S.A.) gives a picture of probabilities, which is 
\viae enougii for application to any other known conditions 


Table ¥L — Percentage of run- off under various conditions 


■ ' ■ ■ Area type 

■ Percentage, of run-off 

,5-min. storm 

2-hoiir storm. 

Riiiiwa3’ or landing lane 


90% 

{«) Compacted soil . 

50% 

(6) Gravel or crushed stone 

60% 

100% 

(c) P.S.P. over sand 

25% 

50% 

(d) Bitumen surface 

90% 

100% 

Ap)ron or flight strip ■ . 


40% 

, (fl) Sand' . . ■ ■ ■ ■■ ■" . 

20°i 

(b) Loam 

40% 

60% 

. . (c) Clay j 

60% 

90% 

' Natural soil : — ■■' ! 



(a) Sand 

20% 

30% 

(6) Loam 

40% 

60% 

{c) Clay . 

60% 

90% 


The factors are based on a maximum 2 per cent, slope for natural 
surfaces. For steeper slopes, found outside the developed landing 
area, the run-off percentage shouM be increased by 2 per cent, for every 
increase of 2 degrees. 

2. An illustration of the use of the above table, to determine run-off 
and consequent rate of discharge at critical points, may be given in 
the case of a P.S.P. crowned runway, 2,000 yards by 50 yards, upon 
compacted sand underlay or base course. It is required to deal with 
2 inches of rain in two hours. Assume a drain on each side of the run- 
way, in two lengths of 1,000 yards, graded toward the centre ,• a 
cross-drain under the runway and a main outlet channel collecting the 
total quantity. 

The catchment area of the whole runway is 900,000 square feet. 
Assuming 40 per cent, run-off this gives 60,000 cubic feet of water 
in t%vo hours, or 0*83 cubic feet per second or cusecs at the main outlet. 

The capacity of each of, the four lengths of side dra^n, collecting 
water from the runway and delivering to the transverse system, wotild 
require to be greater than 0*2 cusecs at its lower end, and the cross- 
drain greater than 0*4 cusecs; the main outlet. would be, designed to 
carry the total flow. • ^ ^ 

■3. In developed areas, it is commonly possible to obtain direct 
evidence of maximum run-of by. examination of local water courses, 
natural or artiiciah serving, the fiats before Joining any storm-water 
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diaiinels from higher ground. In undeveloped countries any area of 
flat ground big enough for airfield sites, without deep erosion channels, 
is likely to have a low run-off. 

The important storm is the one that lasts long enough for water 
falling on the farthest portion of the runway to reach the outlet. Time 
of concentration is the essence of design of storm-water or sub-drainage 
of runways, ■ 


Section 50.-— SURFACE DRAINAGE ♦ 

? 1. The two purposes of surface drainage, which may be of open 

I or sub-drain are the rapid collection and removal of water falling 

on the operational surfaces, and the prevention of flooding by water 
I which might flow from any source on to portions of the field in use. 

2. At safe distances from the cleared areas or where they do not 
constitute the only obstacle, big open ditches can be advantageously 
employed, not only to intercept all ground and surface water and to 
act as outfall ditches, but also, at times, to assist in lowering the 
water-table, with good results upon soil stability throughout the 
airfield. 

3. Generally speaking, military engineers are better equipped to 

undertake rapid work upon open ditches than for the production of 
materials for sub-drainage schemes. Difficulties commonly arise in 
the rapid provision of graded stone, piping, tiles, or improvised 
channelling. The utmost use should therefore be made of open designs 
consistent with safety, a policy followed with advantage by the U.S. 
Aviation Engineers in Mediterranean areas. , 
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Section 51. —SUB-SOIL DRAINAGE 

1. Sub-soil drainage, unless incidental to surface drainage, has 
seldom been adopted in the construction of military airfields# Facilities 
and time are too short. Direct measures to improve subsoil or thicken 
base-course gain ready preference • over indirect and speculative 
alternatives. Further, soil and water characteristics and disposition 
rarely justify its use. Only soils with a clay content less than 40 pe» 
cent., a volumetric change belovr 30 per centjJfhd a liquid limit under 
40 per cent., can be effectively drained by wb-soil drains. 

Irf certain regions or on some parts of existing airfields it may 
nevertlfeless prove the only satisfactor\^ method of maintaining soil 
stability. 

It may be necessaiy’- to deal with water percolating through a 
runway, inadequately sealed or of a gravel type ; to intercept sub- 
surface water percolating from higher ground ; to remove water liable 
to cause damage through frost action ; or to lower the water-table of 
the field. 

2. A full scheme of runway subsoil drainage would involve the laying 
most commonly, of a herring-bone system of concrete or earthenware 
pipes, butt-ended with l-inch open joint. The top half of the open 
joint should be covered with a clay sausage to prevent infiltration 
of silt. Pipes, of 6-inch minimum diameter, should be laid at depths 
of 3 to 4 feet, according to the permeability of the soil. Laterals, 
35 to 75 feet apart, would discharge into side-drains, about 5 feet deep, 
at the runway or shoulder edges. 
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Section lOL—WOOD LANDING MAT 

1. The wood landing ’’^jestt^ cS^ourby^tte Engin^^^^ 

service, ‘where lumber is pl®*“f^ggJ®sTprSng”as to give assurance 

of practical success ^^^°“thould i considered as alternatives 

lent of transportable steel backing. to decay 

In some localities, the lif® treatment then becomes important, 
or insect pests, and ati ^ ^ dressed timber can also 

Green, rough lumto is pr®f®”® ’ f^on^^defects, such as knots and 
be used. It should be reasoi^abty Jrom “®the central strip. Nmls 

dry rot. The best quality will 3 , .inches ivith dressed. The 

lumber may be cut, for l^ing Equal lengths should 

Use of random tenths ®®® f '^'^olerancl in cutting 
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Plate 49. 

3 . q,.ntiti« inv.lv«l, for = mnwny 5,000 t.et long by 150 feet cede, 

are roughly:— „-„„i 9 fcpf 250.000 

Pieces, 2 inches by 4 inches averaging 1 2,000,000 

Quantity in board feet ••• ■' 1,178,000 

Hails 

^ po«.ble circulnr sawmill nmy b. crtlo.t.ed to produce .13,00. 
boar/feet per day of 20 hours rannmg. 


US 
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4, Laying schemes, as for steel mats, can- be- evolved to provide two, 
four or eight simultaneous working faces, but generally the production 
of wooden mats will be the limiting factor. ' Working parties on each 
facewillbe:-—" 

.Supervisor ... ... ... . .... ■ .... . ... 1 man 

Nailing. , ... .... ^ .... ... ... ... ... 17 .men 

■ Helpers ■ ... ... ... ... ....... ' S.meii ; 

, 26 

The speed ,0.1 laying, under favourable .conditions, should be 3CI-4CI 
square .feet per man hour, compared wnth 100 square feet for pierced^ 
steel planks. 

: 5.,, The finished runway must be tree of all loose or projecting nails. 
;As the mat is laid, all open spaces are filled with, selected soil m.aterial. 
'The. fill .is compacted and fi.nished off flush with the wood .surface. 
It should be at least as impervious as the base or, sob-grade under 
.the mat.. 

6, T.he sub-grade base should be prepared as thoroughly as for P.S.P.. 
with ma.ximiim. permissible transverse slope. .No sills or sleepers of 
any kind are tO' be used under the wood mat, as the}’ will lead to over- 
stressing and fracture. 

7. In view of the small thickness of the wood landing mat and the 
probable permeability after considerable use, the quality of base and 
sub-grade is obviously a factor of first importance. 

Section 105, — CORAL 

1. In the Southern Pacific coral has been used, with great success, 
on well-drained sub-grades, for both base and surface courses carrying 
the heaviest bomber loads. Coral deposits fall into three main Wpes : — 

(a) Reef. 

(b) Beach. 

(r) Lagoon. 

These may exist well above sea level as compact limestones, or as 
loose or well-cemented deposits near or below sea level. The most 
suitable type for airfield construction is obtained from reefs and lagoon 
fills, consisting of a mixture, of coral, sand, shells, organic material and 
limy mud in various proportions. Easily excavated, it has excellent 
bonding properties. Good quality coral will cement within three to 
five days. 

2. Moisture content must be closely watched. Some grades of coral 
contain a considerable percentage of clay, and will not compact properly 
if the moisture content is too high. 

3. Where coral has been found 4-8 feet below the surface, the soil 
has been stripped down to the coral, followed by grading, and com- 
pacted*with tracked rollers or normal wheeled traffic. The sheepsfoot 
roller is useless on coral. 

Normal practice is to remove 15 inches of soil, and lay a surface course 
of 18 inches of underwater coral, broken into small angular pieces of 
about i inch. Where time has permitted, this course has been laid 
in 8-inch fills compacted to 6 inches. In cases of urgency, the whole 
depth may be laid at one time, with additional surfacing after settle- 
ment. No priming coat or wearing surface is required. 
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4. Used as a' base for. a mat sti.rface, 8-12 inches of coral will suffice.' 
For taxi-tracks, a.mmimum of 8. .inches should be used • warm-ui) 
areas, 8 inches thick'. for lighters, 12 inches for bombers. 


5. If clean. %vhite coral containing no foreign material is used; laying 
and compaction can be carried out in .heavy rain, provi,ded that the 
drainage system is adequate. For example, one airfield was constructed . 
with pure white -coral in the South West Pacific region in eleve.n days 
during which 10 inches of rain fell. 


■ 6. Drainage .is, essential to prevent the formation of soft patches 
especially on all-weather heavy duty airfields. 


7. Maintenance is light, but regrading may be occasionally necessary. 
Repairs are efiected with fresh raw material of the proper moisture 
content. Experience has shown that salt water bonds coral better 
than fresh water. ^Best results are obtained if maintenance is carried 
out after rain, while the coral is still wet. In dry weather, coral 
runwa}^s must be sprinkled to alleviate dust and prevent ravelling 
Economy in maintenance and dust control may be obtained by the 
application of a coat of asphalt emulsion (0*4— 0*7 gallon/square yard). 


8. P.S.P. has been used with excellent results on coral. If hollows 
form after service, they are filled through the apertures in the P.S.P. 


9. \\ hen crushed, screened and washed, the harder forms of coral 
are suitable for bituminous mixtures, and for concrete aggregate. 


Section 106.— BURNT BRICK RUNWAYS 

1. In several regions, notably where cotton soil prevails, bricks 
ave been reclaimed or burnt, and used in runway construction with 
marked success. Normally, this method would only be favoured 
where a hard pavement is essential, where additional runway height 
above water level is desirable, and where adequate natural stone^ or 
gravel withm economic distance, is not available 


2. Rapid run-off should be ensured by maximum camber or cross-fall. 

111 subsoil create cracks and depressions through 
which surface water will percolate and lead to break-up of the pavement 


3. Examples of runway construction ; 


(a) 


with a runway of 1,250 feet by 
5U teet, and dispersal areas for four squadrons, was required 
during operations in Italy in 1944. The site was on ploughed 
land with clay subsoil. Materials available were bricks 
gravel and decomposed limestone; later P.S.P became 
available. 

Ends of runway were constructed with bricks, laid on 
edge m a herringbone pattern, upon a 2-inch sand underlay 
band cement was grouted into the interstices and a concrete 
curb was provided. Sixty bricks were used per -square 

« corresponding sand course, grouting 
d curb, were laid daily by 30 sappers and 74 native 

The rate of construction 

\\as heavjly retoded by shortages of material and transport. 

Pilots reported that this brick surface was excellent 
comparing well with other forms of surface. 


(&) Locally ' burnt bricks have '-'been used in Eastern .India for 
. the construetion of a heavy bomber airfield, upon, a site of 
clayey sand... The base course, 6 ■ Inches thick, .cons.isted of 
two layers of bricks, laid fiat and. the joints fi,IIed, with. sand. 
Surface course ; one layer of first-class bricks on edge (5 i.nches 
deep) in 1 : 4 cement mortar. The runways proved capable of 
, withstanding heavy pneumatic-t\'red .traffic, but could'- not 
stand up to local bullock cart traffic with its iron tyres. ' . - 

(c) Brick construction for airfields has been economical and effective 
under the conditions obtaining in Holland™ Airfields have 
been constructed entirely in brick or partly brick and partly 
concrete, a,nd have the advant^e of being easily repaired 
when necessary. 

The Dutch method of. construction consists of a single 
course of bricks on ^vell compacted sand. Vegetable soil 
has been removed to a depth of 12 to 16 inches, and the 
excavated area filled with . clean sand, to a s.imila.r depth and 
thoroughly compacted. Sizes of bricks vary, but the two 
general sizes are 8 inches by 4 inches by 4 inches, and inches 
by 4 inches by 3 inches paviors. Bricks were laid in garden- 
wall bond or herringbone pattern to a 4-inch thick layer and 
tamped with wood tampers. Joints were generally filled 
by laying |- inch of sand on the brick surface, and brushing 
with water into the brick joints. A sand cement grout has 
also been used. A coat of tar has been added to the finished 
surface, possibly more for camouflage than waterproofing or 
wearing purposes. 

Careful drainage is essential owing to penetration of water 
through joints and in some cases through the bricks. 


Section 107.— COIR MATTING FOR AIR O.P. RUNWAYS 

1. Landing grounds surfaced with coir matting, without steel track, 
have been used by Air O.P. squadrons in Italy, enabling these light 
aircraft to be operated in all weathers from otherwise impossibly soft 
and muddy ground. For this task a strip 150 yards long and 24 feet 
wide is normally sufficient, though a length of 200 yards is preferable. 

2. After grading, two parallel rolls of matting, each 12 feet in width, 
are laid with a small overlap at the centre. The matting is anchored 
with standard pickets, driven in flush with the ground, along the sides 
and centre of the runway. Where joints occur between the rolls of 
matting, ends are sunk in a trough, filled with a row of sandbags 
beaten down to surface level. At the ends of the runway, the matting 
is buriM in earth well tamped-dowm. 

Twelve men can lay a track in three hours. Materials represent 
two 3-ton lorry loads. 

3. With daily maintenance, these landing grounds have proved 
satisfactory for light aircraft, in spite of heavy rain and even when the 
surface has been covered with flood water. 


152 


Section 108.— USE OF OIL ON AIRFIELD SURFACES 

I. Oil has been used with considerable success, in the Middle East, 
for allaying dust on landing lanes, tracks and standings. Both light 
and heavy oils have been used. The best results were obtained with 
fuel oil having a small ■ percentage of wax content. , 

An average of three to four dressings of heavy oil produces good 
results. With lighter oils, many more applications may be necessaiy^ 

A well -graded soil is required for satisfactory results. 

■ ■ 2. Under the climatic conditions of Iraq, satisfactory all-weather 
surfaces capable of heavy loads have been constructed by using crude 
oil on alluvial river or clay silt loam (normal clay content over 10 per 
cent.). The winter rains had little effect on airfields thus treated, 
provided ■ that no wheeled traffic of ' any sort, was permitted on the 
surface w’hile wet. Careful inspection of runways after rain was 
necessary. Any oil washed away had to be re-applied as soon as 
the surface was dry. 

Camel thorn had to be kept in check, to prevent runways from 
breaking up. Oiled runway surfaces should be completely re-oiled 
annually, as part of normal maintenance. Finally, surface conditions 
approximate those obtaining upon a runway with a thin course of 
sand-bitumen mix. 

3. In Palestine and Egypt soils of a loamy nature have been given 
dressings of oil, gradually reduced from 0-7 gallon per square yard 
for the first application, to 0-25 gallon per square yard for the fourth 
dressing. 

Best results were obtained when the formation was rolled before 
each application. The use of a lighter oil for the first dressing, or 
even the saturation of the ground with water, increased penetration, 
and improved results. 

Repeated rolling with a pneumatic roller proved especially beneficial. 

Good results were observed on a loose soil after three dressings of 
‘‘ tank bottoms," containing a high percentage of paraffin wax. The 
surface tended to be greasy during and after rain. 

4. Owing to the incidence of monsoon rains, oil has been used in 
India only as a temporary dry-season dust palliative. Locally refined 
light oils have been used experimentally : — 

(a) Jute batching oil. 

{b) Jute batching oil plus 10 per cent, refinery residual asphalt 
(tended to filter out). 

(c) Jute batching oil plus 10 per cent, refinery residual asphalt 
plus kerosene (tended to filter out). 

{d) Jute batching oil plus 15 per cent, refinery residual asphalt. 

The last mix displayed the best binding qualities. 

Normal practice is as follows : — 

Scarify, grade and roll surface. Apply oil, 0*25 gallon 
per square yard. Dressing applied every two to four weeks, 
as necessary, and when soil has dried out after heavy rain. 

Oiling has also been applied to a base-course under pierced steel 
planking, at 0-75 gallon per square yard. The base was silty loam, 
mechanically stabilized. Satisfactory two months after laying, except 
for local failures 4^© to poor surface drainage. 


5. Trials have been carried out vto: -detemiiae the most suitable type 
of oil for dust alleviation on the clayey types of soil conimonly prevail- 
ing in X.W. Europe. Lacking imports, waste or sump oil may be used. 
Owing : to supply restrictions treatment will generally be limited to 
take-off.points, .marshalling areas and hardstandings. 

.V Emulsified bitumen, in a diluted- form, has been tried under Sommer- 
feld track, light Bar and .Rod and P.S.P., mth satis.factory results. The 
surface is fi.rst sprinkled -with two applications of water, I gallon per 
square yard, and .allo.wed to penetrate. The emuls.ifi,ed bitumen is mixed,, 
first at 250 gallons of emulsion to 580 galio.ns of water, in a bituminous 
distributor, and one coat is applied at the rate of | gallon per square 
yard. The area is then trammelled ■sufficiently to break up the skin 
surface and- allow pe'iietration. A more dilute mix at 3 parts water to 
1 -part of emulsion, is then -used in -four applications at 15-minute 

i.ntervals. The surface is very lightly dragged after each application 
to allow further penetration. ■ ...... 

The aim is to effect a uni.form penetration of inch, depth; givi.n,g a 
tough crust with a thin surface skin of asphalt. , 

For a 1,200-vard fighter -airfield, with 3., 000 yards of taxi-track and 54 
hardstandings,^ covered at 0-42 gallon of emulsion, per square yard, - 
232 tons of emulsion and 1,246 tons of water are required. 

6, In all cases, the requisite quantity of oil or emulsion most suitable 
for any particular type of soil must be determined b}’ practical tests. 

Section 109 .— SALT AND BRINE FOR DUST ALLAYING 

1. Soil stability, resulting in an abatement of the dust menace, has 
been successfully effected and retained on arid airfields by the use of 
magnesium chloride brine produced by the evaporation of sea water. 
Favourable opportunities for use have arisen most frequently close to 
the Mediterranean sea-board, where summer-dry conditions create 
urgent demands for dust control and where, on the other hand, facilities 
for obtaining or producing brine are favourable owing to heavy seasonal 
evaporation. The method could rarely be adopted with success in 
regions of evenly distributed rainfall. 

2. The sprinkling of calcium chloride or magnesium chloride flakes, 
as practised for dust-allaying on continental roads in peace-time, would 
rarely be justified on airfields under operational conditions, but the 
possible benefits must not be ignored. Good results might be obtained 
by the use of 100 tons of the flakes upon selected areas of 100,000 square 
yards, on suitable soil, and at certain favourable times of the year, at 
which times the need is likely to be most urgent. 

However applied, the hygroscopic salt has the property of drawing 
moisture from the air and liquefying into a calcium chloride solution, 
which permeates the top of the soil and acts as a moderately stable 
binder, until washed out by rains. 

3. Mediterranean sea water has the following composition : — 

Density — 3*5 deg, Beaume 


Per cent. lb. per 

by weight gallon 

Sodium chloride ... ... ^‘90 0*20 

Hydrated magnesium chloride ... 0*'69 0*05 

Magnesium sulphate ... ... ... 0*23 0-02 

Calcium sulphate ... ... ... 0-17 0*01 


Evaporation is effected in -artificial or natural beds, until saturation 
point is reached at 25 degrees, Beaiime. At this point,, suspended 
: matter and calcium sulphate are deposited. Finally, there is 
cn^stalliaation of sodium chloride at 30 degrees Beaume,. when ' equili- 
brium is reached by the magnesium chloride in the '' mother liquor/' 
which absorbs about as much moisture from the atmosphere as ■ it 
loses in evaporation. 

At 25 degrees Beaume, 40,000 gallons or at 28 degrees Beaume, 
20,000 gallons of brine would contain 10 short tons of hydrated 
magnesium chloride. 

4, An example of successful work on a bomber airfield in North 
Africa, with brine at 26 degrees Beaume or I '22 sp. gr., may be cited. 
In this case, the fine clayey sand did not allow adequate penetration 
in a natural state. The surface was scarified by motor grader to a 
depth of approximately 6 inches. Two gallons of brine per square 
yard were then applied by truck-mounted distributors, followed by 
sheepsfoot rolling to maximum compaction. 

The surface was then lightly harrowed to a depth of 3~4 inches, 
given a second application of 2 gallons of brine per square yard, followed 
by the sheepsfoot roller. This was repeated, raising the total applica- 
tion of brine to 6 gallons per square yard. After a final grading by 
motor-graders, another gallon of brine was applied, before the surface 
layers w’ere compacted by rubber-tyred rollers. 

The total of 7 gallons contained 7 lb. or 8 lb. of useful salts, a heavy 
dosage, applied with exceptional thoroughness. Results were highly 
successful. In many cases, adequate results could be obtained, by 
simple penetration mgthods, with 3 or 4 gallons of brine per square yard. 

5. Brine has a very deleterious effect on mechanical equipment. 

Tanks, pumps, valves, truck springs and brakes suffer badly from 
corrosion. In addition, pumps tend to become clogged, owing to the 
precipitation of sodium chloride or gypsum crystals. This latter con- 
dition can be partly overcome by injecting a f-inch stream of uncon- 
centrated sea-water at the pump intake and by shutting down the 
pump daily and circulating fresh water through the unit. The corrosive 
effect on exposed metal parts of the trucks can be combated by washing 
frequently with a pressure spray of fresh water and heavily coatina 
with oil. ^ 

^ The corrosive effects of different salts is frequently discussed, in rela- 
tion to the question of ill-effects upon the internal engine parts of 
aircraft using^ an airfield stabilized by this method. Some harm 
uimoubtedly is done, but it can be reasonably assumed that the 
reduction in engine life, resulting from a big quantity of dust from the 
would be a far more serious factor than any ill- 
enects attributable to the salt content of the comparatively small 
quantity of soil sucked in from a well stabilized surface. 

Section 110.— CHEMICALS FOR WATERPROOFING 
SURFACES 

1. Experiments have been undertaken in England and America to 
test the efficacy of various chemical products as waterproofing agents 
when mixed with natural soils before compaction. The function of 
the chemicals is not to bind the surface, but simply to maintain the 
water content at a low level during spells of wet weather and thereby 
to lengthen the period of serviceability upon advanced landing grounds 
for light aircraft. ^ 


Results comparable: with those .obtained 'by a bitumen mix have not 
been envisaged. The aim has been to attain' a - useful standard of ‘ ‘ all-, 
weather efficiency., by the employment of a very small quantity of 
imported material. .If the soil conditions are favourable for a resinous 
product, 30 tons of it may be sufficient to treat a landing lane, 1,200 
yards by 50 yards. Satisfactory results have been obtained on sandy 
clay soils with “ Vinsol '' resin, while “321 “ resin is suitable only for 
acid soils. Sodium rosinate and aluminium sulphate have also been 
tried upon favourable so.ils. 

2. In the U.S.A., a taxi-track su.rface of sandy clay soil, mixed with 
Vinsol “ resin, is reported to have proved satisfactory. The soil was 

pulverized to a depth of 6 inches and thoroughly mixed with “ Vinsol “ 
resin, at the rate of 1-5 lb. per .square yard. A solution of water and 
caustic soda (17 Ib. soda to 100 lb. of “ Vinsol “) was sprayed over the 
mixture and mixed until the .moisture content was at its optimum. 
After shaping, the base was ■ compacted with pneumatic tyTed .rollers 
until the tyres no longer made appreciable tracks. The surface was 
lightly graded and sprinkled, then finally compacted with the pneumatic 
roller. ■ 

3. “ 321 “ resin has been applied to stabilized soil surfaces in the same 
manner. Trials have shown that the pulverized material should be 
mixed to a depth of 4S inches for light bombers and fighters. For 
heavier aircraft, mixing should be carried out in two courses to a depth 
of 10 inches, using over 1 Ib. of “ 321 “ resin per square yard. Sea 
water may be used for sprinkling the surface before using “ 321 “ resin, 
without any appreciable deleterious effect upon its waterproofing 
qualities. 

In arid climates, the surface should be primed with oil at the rate of 
0*2-0 -3 gallons per square yard, to prevent rapid drying out and 
consequent erosion and dustiness. 

4. Experimental treatment with sodium rosinate and aluminium 
sulphate has been less promising. Surfaces have been thereby im- 
proved to some extent, but it is doubtful whether they could withstand 
much aircraft traffic after rain. These two products are unsuitable 
for soils with a high clay or silt content. 

5. The inducement to proceed with experiments in the use of chemical 
agents has declined since the development of bitumenized hessian. 
P.B.S. can be employed with assured success for allaying dust and 
protecting the surface against deterioration by surface waters, upon 
any type of soil that is strong enough when dry to bear the aircraft 
load. Against so secure and wide a range of serviceability speculative 
half measures can have little appeal. 

Section 111. —PAVED SEAPLANE SLIPWAYS 

1. A slipway differs from an airfield runway in that it is partly 
submerged in water. Underwater construction may be performed 
either by coffer-damming and unwatering the site, or by lowering 
precast concrete slabs. 

2. An Example of the second, more simple method is as follows : A fill 
was graded with a tractor equipped with a 30-foot bulldozer extension 
that permitted a screed to operate right to the end of the fill, wffiile keep- 
ing the tractor within shallow water. Concrete slabs, 12 feet by 12 feet 
by 6 inches thick, with interlocking joints, were placed by a crawler- 
mounted derrick operating along a temporaiy trestle. 

3. A third method, the recently devised “ intrusion “ or cementation 
method, consists of pumping a special grout under high pressure- into 



the voids of graded stone:' aggregate. - Tie grout, which is not affected 
by sea water, fills- ' the voids; in the stone producing a monolithic mass 
below a, timber mat used' as a top form. ' ^ 

4 The slipwavs can also be built on the shore, in an excavation 
from which the 'tide would be kept from entering until the, slipw^ay was 
completed. 

5. Seaplane ramps in places subject to wide tidal, ranges have been 
conkructed by using pre-cast beams and slabs,,- which can be rapidly 
placed on previously driven piles. The beams are of H section, 
SO feet long, providing grooves down which -slabs, 15 feet square . and 
10 inches thick, can slide to form the deck. Ramps have commonly 
been given a gradient of 1 in 10 to 1 in 14, with a total width of 50 feet™' 
100 feet. 


CHAPTER 16 


AIRFIELD CONSTRUCTION PRACTICE IN INDIA 


. Section -112. — GENERAL 

1. Airfield construction in India displays a wide variation of method 
t)wing to the different climatic and geological conditions _ prevailing 


throughout the country. Specifications are governed by local resources. 
Construction in concrete is often impracticable on account of water 
shortage. Burnt bricks are widely used where no stone for quarrying 
is found. 

2. Shortages of equipment and transport have commonly, in the past, 
influenced both method and design. 


Section 113.-™-EXAMPLES OF AIRFIELD CONSTRUCTION 

1. Examples of airfield construction are given in illustration of 
methods adopted, in different regions, under Army or P.W.D. control. 

2. Baluchistan. — ^Fighter airfield in hilly country at elevation of 
5,000 feet. Rainfall, 6-8 inches a year. Temperature range, 10- 
100 degrees F. in the shade. Soil, clayey sand (“ S.F.''), compacted 
with steam-rollers into a suitable sub-grade. Owing to shortage of 
rollers, the original runway specification was changed from macadam 
to “ Colcrete " slabs, 4-5 inches thick, with a base course of broken 
stone, 4J inches thick before consolidation. Size of bays was 50 feet 
by 18 feet 9 inches, and 18 feet 9 inches by 18 feet 9 inches alternately, 
with butt joints. Drainage was by means of earth drains, 1 foot wide 
2 feet 3 inches deep, boulder-filled, leading to open drains. 

3. Sind. — Heavy bomber airfield, on fairly level ground in a district 
having an annual rainfall of 29 inches, and a maximum temperature 
of 127 degrees in the shade. The soil was of a clayey type, containing 
about 10 per cent, of sodium salts, which have a deleterious effect on 
bitumen in cold weather. To keep down the salts, a 6*inch layer of 
clean sand was placed on the foundation. The runway consisted of 
4-inch thick 1:2:4 cement concrete, on a course of 6-incli or 4|^-mch 
thick bricks, on edge, embedded in the sand. The side strips of the 
runway were stabilized by the addition of sand, and finished to a 
gradient of 1 in 200. Cross-fall carries rainwater to open drains. 

4. Punjab. — ^Heavy bomber airfield, on a fiat cultivated plain, 
about 600 feet above sea level. Rainfall is 15 inches per annum. The 
sub-grade, a clayey soil of medium plasticity, was compacted by sheeps- 
foot and road rollers. Stone, cement, and coal for brick-burning were 
available locally. Runway consisted of 4-inch thickness of 1:2:4 
cement concrete, laid on waterproof paper, and the taxi-track of bricks 




on edge, in I ,: 5, cement mortar, .-covered witli |-iiack-— thick 
1 : 5 cement plaster. French drains led to soakage pits. ■ 

^ 5. United Froviiice:S.~-Fig-hter airfield on. soil.o.! *rS.F.” classifica- 
tion. .Annua! rainfall, 40 inches. Runway, was co.nstri 2 cted in three 
layers; on natural s'urface. Bottom layer, 3 .inches .flat bricks or 4-i 
inches . of 3-inch nodular limestone, compacted to 3 inches. Inter- 
mediate course, .4-|-inch nodular limestone, graded |-mch to 2|-inch 
gauge and consolidated to 3 inches. , Surface course, 1:2:4 cement, in 
concrete .slab. .Transverse expansion joints were 50 feet apart, 
longitudinal construction joints 12i feet apart, and longitudinal 
expansion, joints 37 J feet apart. .Expansion jo.i.rits | inch wide.. 
Natural drainage, run-off from edge of runwaj?" being ta.keii by earthen, 
gullies to natural drains. 

Another example of runway construction in this province is that 0 '.f a 
heavy bomber airfi.eld, which has been extensively used by heavy 
transport aircraft ; 6 . Inches of block stone soling, under 4f indies 
macadam con.solidated to 3 inches, sprayed with tli..ree co.ats of road 
tar. ^ Surface chipping u.sed. a total o.f 10 gallons tar and 6 cubic feet 
of chips per 100 square feet. Owing to the .flatness of the site., a satis- 
factory outfall for the French d.rai.ns wms not obtained and wate.r- 
logging under edges of runways followed rainv periods. After heavy 
use, runways and taxi-tracks tended to become “ bumpy." It 
was considered that 3-inches to 4-inches of broken stone would have been 
more suitable than the stone pitching. 

6. Madras. — Average rainfall of 38 inches. Light bomber airfield 
on a well-graded grave l-sand-clay mixture to the following specifica- 
tions : 6 inches stone soling and a subgrade of 2| inches metalling 
(2-inch gauge), blinded with l-inch gravel. Surface course, 4| inches 
of 1 : 2| : 5 cement concrete slab, using graded aggregate of two parts 
1 J-inch size to one part f-inch. Drainage was by means of open drains 
on edge of each strip. 

7. Central Province.— Light bomber airfield, where there are 
natural slopes up to 1 : 30, and an average rainfall of 50 inches between 
June and September. Runways have been sited on minor ridges of 
uncultivated ground, sloping down to rice fields on either side. Soil, 
partly well-graded sand-clay mixture, partly moorum (decomposed 
rock, 10-20 per cent, clay), and graded particles up to 3 centimetres 
diameter. Construction had to be undertaken urgently, labour was 
short, and the quarries might become flooded during the monsoon. 
Runways were constructed to two specifications. In the first case, 
6 inches cement-stabilized moorum (12 per cent, cement by weight), 
surface dressed with bitumen and f-inch chippings and then with 
|-inch pre-coated chippings. The other specification was 5 inches 
stabilized moorum (10 per cent, by weight) covered with 1 inch- 1 1 inches 
of 1 : 2 : 4 concrete. Taxitracks were 4J inches water-bound macadam 
on hard core as required — surface dressed with bitumen or tar, and 
blinded with J-inch chippings. 

8. Bengal. — ^An airfield, where annual rainfall averages 66 inches, 
has Ijeen constructed, using 6-inch thick 1 : 2J : 5 cement concrete 
over 3 inches laterite soling, on a subgrade of hard laterite soil varying 
from rock to particles like coarse gravel containing some clay. No 
expansion joints were provided, but these were subsequently found 
to be necessary. 

Another airfield for medium bombers has been built, on sandy type 
subgrade, to a specification of 6 inches I : 2| : 5 cement concrete and 
IJ-inch stone ballast, over a double layer of brick soling. Bricks were 
made locally. No satisfactory supply of local stone. This airfield has 
been in use for two years. 
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9. Assam. — ^Examples of . liglit, ' ii.nreiaforced ^ concrete slab con- 
struction, on a favourable' site, for bombers. , 

(a) \iat weli-draiiied site on typical Ass.am tea-garden land. , Soil, 

sandy loam. ■ Ra.infall, 100 incbes, mostly between mid-May 
and mid-October. Winter .montbs cool and dry. 

Original specification : 8 inches soling and 4 inches concrete 
(i : 3 : 5)^ in 18-feet squares. Upon further experience of soil 
this was cut to 6 inches of hand-rolled shingle for base-course, 
with 4 inches concrete pavement (1 : 2 : 4) for runway and 
■ taxi-tracks. The stronger mix was specified because of the 
dangers of bad mixing during the monsoon, apart from the 
requirements of the .lesser thickness. Aggregate was clean, 
good quality crushed stone. All materials were transported 
from distant sources. 

Heavy rainfall tended to undercut the edges of the concrete, 
especial! V along taxi-tracks, with resultant cracking under 
load. A concrete haunch 8 inches by 8 inches was added. 
All work on formation was by scrapers and motor-graders. 

(d) Another example is that of an unfavourable heavy bomber site, 
on loamy soil, with some patches of /‘ cotton soil A bad 
site on uneven tea-garden ground. Formation by hand 
labour. 

Runway specification : 10 inches of hand-packed soling with 
a 4-inch (unconsolidated) thickness of bitumen-grouted stone. 
Hardstandings and turning circles, 6 inches soling and 4 inches 
of concrete, while the taxi-tracks are partly the same as the 
runway, and partly 6 inches of consolidated shingle, with 4 
inches of grouted stone pavement. 

In spite of the heavy soling and extensive system of French 
and open drains, maintenance proved heavy. Depressions 
occurred causing cracks to surface. Patches are repaired 
with bitumen macadam or bitumen-sand mix carpet. 

10. Arakan, — ^The construction of durable airfields is particularly 
difficult. The topographical and climatic conditions of Arakan, together 
with a shortage of go^ local materials, have proved generally adverse 
factors. P.S.P. and Sommerfeld track have been available for opera- 
tional service. 

The type of country is paddy, surrounded by low jungle-covered 
hills. Rainfall, 150 inches between June and October ; temperature 
wreen 50 degrees and 100 degrees F. 

(a) An airfield for fighters and light bombers has been constructed 
on a sandy spit, approximately 600 yards wide. Owing to the 
impossibility of compacting the naturjil surface, Sommerfeld 
track was laid over a double diagonal mat of l-inch to 2-inch 
bamboos, and strained back to buried log anchorages. Open 
drainage led to natural drains and tidal cuts. This airfield 
proved more satisfactory during the monsoon period than was 
■expected. ■ ■ 

Another site on clayey sand was used by transport aircraft. 
Sub-grade compacted by water and tamping rollers. Runway 
was constructed in three layers. First, a coat of “ Nairobi II 
Bithess ‘‘ (bituminized hessian) sprayed with 80/100 bitumen 
at one-third gallon to 1 square yard and sanded. Second 
inches consolidated bitumen-sand mixed in Barber- 
cent. by volume 80/100 bitumen, 
and rolled in. This method of 
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CHAPTER 17 

ROAD AND AIRFIELD CONSTRUCTION PRACTICE 

SECTION' 114— GENERAL 

1. The principles and practice of airfield construction and develop- 
ment, ill comparison with road engineering, are frequently discussed. 

.An analysis of different features is not of mere academic interest. 
Both works have much technical literature in common and experience 
gained in one branch will be frequently utilized for guidance in the 
other. 


1; 

. 0 " ■ 


2. Individually, the methods of work, organization and planning 
adopted in aiiffeld engineering differ little from those in, road construc- 
tion. Collectively, the differences become important, apart from the 
influence of administrative factors involved in the direct service of 
air force units in the field. 


Section 115.— COMPARISON OF ROAD AND AIRFIELD 
CONSTRUCTION 



1. Outstanding features of military airfield planning and construction 
for comparison are : — 

{a) An airfield is a heavily concentrated and comparatively uniform 
engineering task. Work is commonly undisturbed and is 
of such volume as to permit of the most effective use of central 
plant. Abnormal standards of speed and efficiency" are con- 
sequently demanded and obtained. 



(b) Reconnaissance and laying out demand sound knowledge of 

the characteristics of different aircraft types and of air force 
technical requirements in general. Disposition of dispersals, 
services, clearances, camps, control towers, and administrative 
buildings is a special problem. 

(c) Aircraft are much more difficult to control on the ground than 

vehicles, and their safety is more directly threatened by 
physical factors, including wind, rain, visibility and dust. An 
engineer is expected to take measures to minimize all landing 
disabilities and must study all relative conditions in order to 
do so effectively and economically. 

Dust on roads is merely a nuisance ; on airfields it may 
reduce serviceability to nil or cut down engine life to a 
dangerous and excessively uneconomical degree. 


(d) There is much less latitude in the selection of a serviceable 
airfield than in the alignment of a new road, because of the 
severe gradient limitations and the objections to heavy cut 
and fill over the wide area involved. 



(^) In developed countries road engineers will usually benefit from 
the preliminary guidance of a network of roads and tracks 
and from the direct evidence of long service. 

(/) Like a bridge, a runway must be finished to give any service 
at all ; hence the peculiar urgency and responsibility of an 
accurate estimate of completion dates. 







(^) 


(g) Ob airfields, normaUy, wJaeel-ioads are heavier and tyre . pressures ■ 
Mgher, but, road engineers have to dea,l with a wider ^ range, 
of ser^uce, including heavy tracked, vehicles, and to provide for 
more intensive , traffic. .. Koad sendee is uniform. Different 
parts of an airfield are subjected to totally different standards, 
of loading and abrasive' action. ■ 

Camber and cross-fall ' gradients are' severely low, to avoid, , 
serious accidents due to side-slip. Risk of strain to, the under- 
carriages of aircraft merits more consideration than ^ it 
commonly receives. 

Depressions in wide, non-rigid rumvays collecting water and 
threatening sub-grade stability are characteristic and almost ; 

■ inevitable. Efficient run-off from road surfaces is lessimportant 
and is easier to ensure. 

Hea\y run-off from a wide runway involves the rapid collection 
and disposal of stoma water, for the collection of which an 
open drain alongside the tracked area cannot be used with 
safety. 

Area drainage, which may involve the lowering of the wmter- 
table, is a bigger and more critical task. Flooding is more 
serious. Relatively more airfield failures, due to inadequate 
drainage measures, are on record than road failures. 

A small depth of standing water which would merely slow down 
road traffic, may render a runway seriously dangerous, or 
wholly unserviceable. 

(m) Runway surfacing does not get the benefit of traffic compaction 

like a road. It is subjected to heavy abrasion by stationary 
wheels on touching down, and to distortion upon sharp turning 
of aircraft at the end of the run. 

(n) Punctures have much more serious consequences upon airfields 

than roads. 

Surface faults and deterioration, often capable of anticipation 
by responsible engineers, are a factor in the causation of 
accidents. Ground accident prevention and removal of surface 
defects are more directly an engineer's constant responsibility 
on airfields than on roads. Harm done to engine parts by dust, 
and to propellers by grit or chippings, must be assessed and, 
if serious, alleviated. 

{p) A large developed airfield may represent 30 or 40 miles of a 
main road. Over such a distance, the road engineer may 
frequently vary his specification on account of changing sub- 
grade or adjacent resources. The airfield engineer may have 
to scheme out different surfacing specifications, in the one 
centre of activity, for (1) runway ends, (2) middle section of 
runway, (3) hard-standings, (4) taxi-tracks, and (5) perimeter 
and access roads. 

Camouflage and marking problems belong almost exclusively 
to the airfield engineer and are subject to frequent (5hange bf 
policy, in relation to the tactical situation and physical 
conditions. 

Methods of demolition and repair will commonly differ, owing 
to absence upon airfields of vulnerable bridges, hill-side tracks 
and embankments. Filling of runway craters has to be done 
more meticulously owing to greater risk of accident, if any 




>- 
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(s) Finally, the airfield engineer, particularly in war, is more con- 
cerned with the hmnan factor.- He. is in constant touch with 
a single user commpd.^ Confidence must be gained.' Pilots 
should like/' their airfield . a.nd' apprecia.te the practical 
efforts constantly being made to -reduce the danger risk, nr 
'/increase the efficiency of dispersal, circulation and runway 
. ser\dce. Wasteful projects should be 'discouraged ; sound 
improvements should be anticipated .before the call is made. 
In practice, wo.rk is rarely finished upon an operational airfield 
, until it is,, abandoned. 

2. The work of the road engineer is more impersonal ; he serves 'the 
forces as a whole. Maintenance is commonly a self-evident and cir- 
cumscribed task. 


CHAPTER 18 

AIRFIELD CONSTRUCTION DURING OFFENSIVE 
OPERATIONS 

Section 116.— GENERAL 

1. Conditions prevailing during the invasion battle are marked by 
special features, -which merit consideration as a whole. Heavy restric- 
tions are placed inevitably upon the movement of mechanical equip- 
ment, so that the highest standard of efficienc^^ is demanded from 
operators to ensure good treatment of plant and maximum output. 
Comparatively few men of high skill are required but these must be 
completely familiar with ever}?- aspect of their work. The call for 
utmost speed in landing ground construction is insistent and the results 
of successful achievement will often be spectacular. 

There is exceptional need for thorough military training of all air- 
field troops, in combined operations and in ground defences. 

2. During the early stages of a sea-borne invasion, the highest 
priority is given to the task of establishing a few advanced landing 
grounds in the shortest possible time. Once an adequate beach-head 
has been secured and an advance continues, the maintenance of road 
communications will assume higher importance, until a balance is 
regained and the ground and air requirements become equally important, 

3. Theoretically, landing ground construction during an advance is 
an intermittent activity. In practice, there is no cessation of work, 
even in a temporarily static situation, for standards are never high 
enough and the call for new or alternative sites is unceasing and urgent. 

4. The variety of tasks performed is illustrated by the following 
record, from Sicily, of 17 days* work,, in fine weather, for one Airfield 
Construction Group, R.E. : — ■ 

(a) Construction of one bomber airfield,, which involved the grading 

and consolidating of a surface area of 1,000,000 square yards. 

(b) Construction of three fighter-bomber airfields,, each 600,000 

square yardSK 
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, (c) ' RestoratioB .of -.an enemy, permaneiit ai:rfie,Id,, ineluding removal 
^ of weckage; 'dangerous buildings, mines, .repair of cratered 
concrete runway and. taxi- tracks, and extension of dispersal 
facilities. 

.Maintenance of 'three active airfields, including , repair after, 
bombing., ■ 

The soil was hard baked clay, of '' cotton soil tj^e, and the culti- 
vation mostly stubble, with a little plough. Some thousands of yards 
of piped ditches and culverts were provided. 


Section TI7.---FIRST REQUIREMENTS ON' LANDING 

1. Questions of equipment and organization are governed by special 
circumstances, in every operation, but the lessons of Sicily and Italy 
will be recorded to illustrate the problems. In addition to reconnais- 
sance parties, a small number of sappers and tipping lorries are wanted 
early. Tools should include picks, shovels, matchets, stone-forks, 
14-lb. sledge hammers, felling axes, and hand earth-rammers. The 
following are ^ also needed: mine detectors, R.A.F. ground strips, 
banderols, plain wire for pulling out mines, rubber-tyred wheel-barrows 
and explosives. 

2. 1 he question of e.xactly when to land the mechanical equipment 
has always proved difficult. Graders, rollers, scraperfe and angle-dozers 
are soon urgently needed, but risk of landing losses must be cut to a 
minimum with such irreplaceable items of plant. 


Section 118.-— ENEMY AIRFIELDS 

I . Enemy airfields of permanent type have proved to be well made 
and are commonly provided with good drainage systems. On the other 
hand, their natural-surface landing grounds have been found, almost 
mvanably, to be too rough and dangerous to be acceptable to the 
K.A.F. These always require a lot of work to bring them up to proper 
standard. Little mechanical equipment has been used by the enemv 
upon surfacing. T 

Enemy slackness in this direction is not readily explained by differ- 
ences m air-frame design, in strength of tyres or in discipline. His 
gr<mnd losses have been heavy. Replacement of aircraft may, at 
certain times, have been comparatively easy, but his repair and salvage 
facilities have been consistently inferior to our own in the field, 

2. Paved enemy runways are commonly shorter but wider than ours, 

s^dficatior^^^^ hand-pitched stone is a tpiical 

3. Airfield obstruction by the enemy has been varied in method and 

cratering, laying of mines, and placing heavy 
obst^Ies m the landing strips being variously adopted! 

surface is generally undertaken with less 
profitable demolition of 

buildings and equipment. 


Section 119. — INSTANCES OF OBSTRUCTION 

1. Ploughing.— An objective in one assault-landing in Sicily was 

an old enemy airfield, which had been ploughed up about one month 
before the invasion. This ploughing was over the whole field, 18 inche.s 
deep, and the summer sun had baked the clav furrows. The field was 
operational, on an emergency basis, in tivo days, in spite of one day’s 
delay in getting the mechanical equipment ashore. ‘ 

In other cases (LIBYA COAST), ploughing and laying of mines were 
skilfolly combined and the construction of new airheMs elsewhere 
resulted in a saving of time and better operational results. 

2. Cratering natural landing surfaces.— On other airfields 50 kg. 
and 250 kg. bombs had been dug into the ground and fired electrically. 
Many had failed to explode owing to faulty priming. In addition, 
wrecked aircraft, petrol-tank wagons, heaw' lorries, steam rollers cars 
etc., were scattered about the field. Delays effected were not very 
serious. To quote three instances : — 

{a) Speed was essential. A landing lane, 1,000 yards long by 50 
yards wide was produced, in six hours bv 150 men using one 
roller, two bulldozers and six 3>ton tippers. This work was 
done under enemy observation, with slight interference. 

{h) Speed of work was less important because extreme road con- 
gestion temporarily delayed occupation. Eight craters were 
filled with hardcore and four large wrecks were removed, 
without mechanical plant, by 13 men in two days. One 3-ton 
lorry and hand tools only were used. 

[c) A concrete runway, 1,300 yards by 63 yards, had been obstructed 
by 27 craters, 15 feet in diameter and 4 feet deep, and hve 
hea-vy charges had been blown in the side drains. Normally 
these craters would be filled hastily With hardcore and fines, 
tamped and rolled, but decision was made to relay the 6-inch 
concrete pavement, equal to 2,500 square yards. The runway 
was operational in ten days. 


Section 1 20.— MISCELLANEOUS 

1. Two items of special plant required, particularly during offensive 
operations, are mobile cranes and mechanical road-sweepers, of muni- 
cipal type. 

2. Jeeps are invaluable for field engineers. 

3. The L.A.D., which is invaluable, should be equipped with electric 
welding plant. 

4. The assistance of a bomb disposal officer is essential. 

5. Hard and fast rules for airfield construction should never be laid 
down. There is no such thing as a normal task ; variations are 
infinite. But the sound instinct necessary for rapid achievement must 
be based on thorough training and vari^ experience. 



CHAPTER 19 


PREVENTION OF AIRFIELD ACCIDENTS 


SECTION 121.-GENERAL 


0„ 0. .he n.o,. 

engineers and the air interpretation of conditions 

is done~by iorese.mg “t?^npoa the ground. If 

as they arise— to cut down h ^ d^^ anticipate the incidence 

engineers, merely wait for order thev neslect an opportunity 

of Idverse factors, capable 

to render important service m the saving oi me ana a 


2. Under operational conditions ^cident of damaged 

There is the haste of a scrainblc ta^ke-ofi ^and tne^re^ 

machines of P improved marking and surfacing 

srh‘.'xr/o.."3 

official “ standards ” evolved for general application. 


3. The pilot brSLe^n 

Pcru^—Yappeanng 

«t precautions are a 
matter of degree rather than of clear prescription. 


SECTION 122.-ALLEVIATION OF DUST 




4. Of the 

which represent a hea^ maiority’ of these are accidents upon 

faSS'Sents on taSng oFInd taxi-ing account together for 
landing Accidents o s landing accidents may be 

Sributabi to takeSfi as. for instance, when tyres are 

daSSed by stones, metal fragments, or tom tracking, resulting in a 
flat tyre on touching down. 


S " Airfield standards ” are formulated by the Air Force primarily 

srr is s°cS:5s 

Officer should be consulted if either is available. 


'ti.a freouent and urgent call for improvement, upon operational 
in drv^seasons relates to the allaying of dust, particularly in 
airfields in dry » assembly and dispersal areas. Measures 

Sg application of salts, laying coir 
mat ting under steel mats’ and rolling in stone or gravel. Strict traffic 
+Jrwi^o-nH -nrp^Rervation of ail original surface to maximum degree, 
^foidameffiial deinands. (A summa^ of the methods of alleviating 
dust on airfields is given in Appendix X.) 


IBS', .:■ . 

AND MAEKiNG GF 

AIRFIELDS 

' i; Easy location of site from the air will often take priority over the 
risk of enemy attack. ■ Dispersal of aircraft is the only satisfactory^ 
p,rotectioii against bombing, in nearly eve-ry case. An airfield should 
be capable of being spotted and ' identified from a distance of some 
m,iles.., , Petrol ' is . often too low, after engagements to provide for 
unnecessary, diversions. . 

^ 2. Identification will be assisted by the provision of “ airfield identi- 

fication characteristics '' consisting of a two-ietter code painted white 
on a black background or marked out in chalk or by white strips. 
Each letter should be ,20 feet by 12 feet, the co,mbi,nation being 
orientated so that it is read from the flying control tower or vehicle 
or from the south. The code may be obtained from the Flying Control 
Officer of the R.A.F. formation concerned. 

3. It is important that comer markings be clearly visible, even in 
poor light. Arms of stone or strips or boards, painted white, ana 
constructed so as not to form any obstruction, are favoured. Beacons 
at comer points, clearly visible from a height of 10 feet should be 
preferably, of collapsible ty^^e. If the side of a landing strip is out 
of action, for any period of time, side markings must be brought in 
correspondingly. Time and again, conspicuous corner beacons have 

made the difference between a good landing and a crash. 

4. Side markings must be capable of being run or taxied over without 
any risk. 

Section 124.— AIDS TO JUDGING HEIGHT 

On many natural surfaces, pilots have difficulty in judging their 
height before touching down, notably on mud flats, virgin snow or 
smooth water. Some detail is required, such as wheel tracks on sand 
or ripples and‘ floating paper on water. When sandy surfaces have 
been^used considerably, the disability commonly disappears. For 
fresh SacL or where the ground does not readily .f ar 4-gallon 
petrol tins or flagged stakes may be lined along the strip with 
Tf fiae-ged stakes are used they must be made of material light enough 
“ot ” » toaft shouU they be stn.ck by it. They 

should not be higher than 4 feet. 


Section 


125 .— OVER-RUN AND CLEARED ZONES 


““■f -fe?!' nlStnS™ d shj « 

extend for 300 yards beyond each end of the landing strip proper. 



Section ■ 126. — -SOFT PATCHES, 

1. Soft patches in temporan" strips are a common menace. 
deteriorate almost imperceptibly, and their full danger may not be 
<!isclosed until an accident occu.rs. ' The deteimiiiiation of^tms risK 
is a heavy responsibility, Over-caotions marking on of suspect 
patches may seriously reduce the utilit}-' of a landing area and 
intrcKJuce other elements of danger. ^ Engineer officers must develop 
an expert knowledge of surface conditions and of the drag liable to 
tip on to its nose an aircraft of the type concemed. .In the case of 
fighter aircraft this accident is veiy^ liable to occur. 

2. Soft patches will be clearly marked for detection^ from the air 
and ground, by %vhite crosses and flags, but expert anticipation should 
minimize soft patches becoming dangerous. 

Section 127.-™-STANDING WATER ■ 

This obvious danger is a cause of minor accidents. ' A certain amount 
of water will put a strip out of action— a depth of 2, inches is about the. 
maximum permissible for Spitfires, for instance. Vs ater also causes 

blinding of pilots and damage to flaps, loo much camber, to 
effect quick run-off of w*ater during rain, introduces other risks, making 
it difficult for pilots to keep straight. Too little camber or a flat 
surface produces inevitable pools, not only of direct danger but resulting 
often in the formation of soft patches by percolation to the sub-soil. 
Aircraft are turned ov’'er only above a certain speed, so that water on 
taxi-tracks is comparatively unimportant. 

Section 128. — DRAINS ■ 

Open drains, outside the aprons, are so manifestly dangerous, unless 
of the in\isible saucer type, that warnings are unnecessary. But pipe 
and French drai.is, closely adjacent to runways, are treacherous owing 
to invisible cavitation of sides. These drains must be closely examined 
after hea\y rains for evidence of subsidence and caving. Open drains 
should be'^flagged for a distance of 10 feet from junctions with taxi- 
tracks or landing strips. 

Section 129.— PUNCTURES 

A burst tyTe during take-off or landing is one of the commonest 
and most dangerous contingencies, calling for engineer study and 
precautions. Sharp stones, outcropping rock, metal fragments, 
particularly after heavy A.A. fire, are the chief causes of trouble. 
Sommerfeld track, worn into a broken condition, has a bad reputation 
for damaging tyres and tail-wheels. Anything which might puncture 
or damage a motor car tyre is certain to damage and cause a burst 
in the case of an aircraft tyre, since the tread and walls of the latter 
are comparatively thin. A tyre burst taking off invariably causes a 
serious accident. Strips and tracks must, therefore, be cleared of 
anything which might damage a tyre. 

Section 130.— FLYING OBSTRUCTIONS 

In spite of every effort to observe restrictions, actual or psychological 
obstructions in the flying approach are common causes of accident. 
Obstacles cannot alwa5rs be removed, and, even when clearly marked 
by danger signals, their adverse influence will often be indirectly 
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, responsible for bad^ take-offs or landings, ■ When there are obstructions 
in the approach the advice of the Airfield Commander or Flying Control 
Officer should be obtained as to which should be removed or marked. 
If practicable, all obstructions which do not ■ allow an angle of 1 in 5< i 
should be removed. . 

Section 131.-— SLOPES AND UNDULATIONS ■ 

Dangerous undulations rarely escape attention, but a camber or 
transverse slope, too heavy for safety, is more often overlooked. This 
is liable to promote uncontrolled swinging and is particularly dangerous, 
in cross winds, upon a slippery surface, such as that presented by a 
muddy pierced steel plank runway. With hea\’y slope, a greater 
width of runway or prepared surface is needed to offset the effects of 
this tendency. 

Section 132.— WORKS IN PROGRESS 

1. Although it would appear to be superfluous to point to the danger 
inherent in work upon or adjacent to an active runway, the number of 
accidents which do actually occur under this head make it difficult 
to over-emphasize the need for thorough precautions. Accidents may 
be due to debris or plant being left in dangerous positions, to work 
proceeding too close to strips in service or to men not being withdrawn 
soon or far enough. Men in charge of parties often fail to appreciate 
the difficulties of the pilot in observing the ground below or in front 
of him, apart from the factor of fiying speed. It should be assumed 

^ that the pilot will fail to see men or equipment. 

2. When withdrawing to one side of a runway, in cross-wind, the 
windward side, often selected, is the more dangerous, for light aircraft 
in trouble tend to “ weather-cock '' into wind. 

3. Just as runways are made wider and longer to minimize risk of 
^ accident due to causes not always technically justified, so must warning 

crosses and flags be employed with some measure of extravagance. 
Risks must often be taken for operational reasons, but accidents are 
most common when alertness declines owing to seeming security. 
Bad visibility due to dust storms or rain or poor light is a contributory 
factor of importance. 

Section 133.— FOREST AIRFIELDS 

A landing ground in heavy forest presents operational dangers due 
to eddies and blanketing effect. For example, the landing lanes cannot 
always conform to the exact wind direction ; accordingly, the pilot 
approaching for landing in wind velocities of a slight breeze or above 
is correcting drift whilst fiying or gliding-in at the required air speed. 
When nearing the level of the tree tops eddies will occur which will 
require correction, but as the aircraft reaches a level below the trees 
it enters into a calmer zone created by the blanketing effect of the 
trees. The higher the wind velocity, therefore, the gres«:er the danger. 
Even when fiying over woods and forests at low altitudes, both by day 
and night, the air is usually turbulent and forest landing grounds 
should be avoided if possible. However, if such a landing ground is 
necessary, then the strips should be wider to allow for swing. Along 
the edges of the cleared area, trees should be lopped off at an angle to 
reduce sudden changes of wind velocity. 
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CHAPTER 20 

MECHANICAL EQUIPMENT FOR AIRFIELD 
CONSTRUCTION 

Section 134. — GENERAL 

1, A sonnd basic knowledge of mechanical equipment, acquired 
mainly bv practical experience, is essential to 'all engineer officers re- 
sponsible"' for reconnaissance of sites, and construction of airfields. 
Although operation and maintenance will be performed chiefly by 
specialists, airfield engineers need to be familiar with the scope and 
capacity of a wide range of plant, from quarrying tools to surface 
finishers. 

2. In this chapter, brief descriptions will be given of all types of plant 
normally used by British and American engineers upon airfield con- 
struction, with the exception of quarrying equipment which is standard 
for all stone users. 


3, The choice of airfield equipment is influenced by the following 
special considerations : — 

(a) Abnormal demand for maximum capacity of plant during a 

short period, and in a concentrated area. Maximum speed is 
always the first demand. 

(b) Work often undertaken in clouds of dust, leading to heavy 

maintenance demands. 

(c) Opportunities for using different specifications at the ends and 

middle of runways, and for taxi-tracks and standings. 

(iZ) Concentration of work which facilitates supervision and often 
allows manual labour successfully to replace plant when it is 
urgent to conserve mechanical equipment. 

{e) Airfield construction requires, more commonly than any other 
operational task, equipment suitable for transportation by 
air in aircraft or gliders. 

{/) Airfield tasks are predominantly problems of area rather than 
of volume, owing to the flatness of sites selected and to the 
undesirability of heavy fills, despite the efficiency of modem 
compaction technique. On this account the motor grader, 
commonly known as the Autopatrol is a very important 
tool of airfield engineers. 

(g) Many items of plant in common use on airfields were unknown 
in English road construction before the war. 


4. The tables of productive capacity, assuming average soil and effi- 
cient plant control, are extracted chiefly from standard tables, given in . 
War Office and Air Ministry publications and U.S. Aviation Engineers* 
TM5-255- 
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Section 135.-— TRACTORS AND TRACTOR EQUIPMENT 

1. Crawler tractors. — Crawler tractors are robust diesel or petrol- 
driven macMnes so designed that there is minimum ingress of grit 
and mud into the working parts. The wide track area enables them to 
work and maintain the draw-bar pull on soft or bad ground. A rear 
power take-off is fitted for operating power control units and winch gear. 
Five makes of . American machines of different characteristics are' 
supplied to the British army, as shown in Table XIII below : — 

Table XIV. — Gbaracteristics of crawler tractors 



Draw hay\ 

Maximum 

War Office and 

i Maximum 

Tractor 

B.P, I 

Dram bar 

Dominion 

1 scraper size 


i 

pull — tons 

classification 

cu, yds. struck 

Allis-Chalmers H.D.14 

132 

m 

Class I 

12 

Caterpillar D.8 ... 

113 1 

ill 



Aliis-Chalmers H.D.IO 

86 : 

8| 



Caterpillar D.7 ... 

80 ! 


Class 11 

9 

International T.D. 1 8 

71- 1 

8i 



Allis-Chalmers H.D.7 

60 

5i 



Caterpillar D.6 ... 

55 

6^ 

Class III 

6 . 

International T.D. 14 

54 

6 



International T.D.9 

39 i 

4 

Class IV 

4 

Caterpillar D.4 

36 i 

3| 



Allis-Chalmers W.M 

33 

24 



International T.D.6 

29 

31 

Class V 


Caterpillar D.2 ... 

26 ! 

24 



Clark Airborne ... 

20 i" 

■ ■ — ■ 

■ ■ " Class V ' 

2 

Cietrac H G. 

18 : 1 

li 

Class V 

2 


Performance of bulldozers 


Type of tractor- 


'1 


il 


■I 

S 


Tractors can be used either as hauling units or for a variety of 
earth-moving tasks with the aid of auxiliary’- equipment. 

2. Bulldozer. — A hydraulic or cable-operated pusher-blade fitted 
squarely across the front of a tractor. Used for spreading and levelling 
loose excavated material, clearing walls, hedges, brushwood and other 
obstructions from sites, and filling in craters. 


Length of 

Cl. I 

CL II 

Cl. Ill 

CL IV 


j 

push in feet 

Output in cu. yds. per hour on 
level site, favourable soil 


20 

300 

210 

160 

120 

50 

160 

125 

81 

54 : 

100 

100 

85 

50 

36 

150 

75 

58 ! 

35 

26 

200 

55 

43 

27 

19 

300 

40 

31 

18 

14 
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For maximum production the scraper should be loaded as it moves 
down grade. 


1. Scrapers, — These machines consist of a steel " box with a 
cutting edge, mounted on four wheels. An apron lowered over the 
intake prevents the material spilling during transit. The load is dumped 
by raising the apron, allowing the spoil to be ejected by the forward 
movement of a tailgate. Tractor drawn, they are controlled by the 
operator through a power control unit fitted to the tractor. Some 
scrapers are hydraulically controlled in a similar manner to the angle- 
dozer. They are destined to excavate, load, transport, dump and spread 
the excavated material. 

Scrapers are of 4, 6, 8, 12 cubic yards struck capacity. The 8 cubic 
yard machine is the most universal for airfield work. 

Performance depends on the type of material loaded, and the length 
of haul. 

Average results for favourable soil : — 


Length of haul in 
feet. 


Tractor 


Scraper 


Cu. yds, per 
hour 


' 3. Aiigledozer.— Similar to the bulldozer. . The blade can be angled 
up . to 30 degrees horizontally, ' and tilted so that; one comer of the 
blade is approximately 6 inches lower than the other. The standard 
bull and aiigledozer equipment supplied to the British Army is normally 
hydraulically operated, but a percentage ' may be cable operated. 

Performance of angledozers. — Favourable soil — level site 

Type of tractor Cu. yds. per hour 

CL I 190 

CL II 150 

CL III 115 

CL IV 85 

Performance figures for different types of soil may be determined 
by the use of the following table : — 

Table XV .—Coefficient table 


Favourable soil (loam) 

1 

1 

Blasted rock 

1 

Average Earth : sand 

0-8— 0-9 

Hard clay i 

L 0-3 —0-4 . 

Soft clay, gravel 

0*65—0*75 

Rubbery clay | 

Boulder clay 

0*45— 0*65 

and chalk J 

1 • 


4. Wheeled tractors, — ^These are high-powered pneumatic tyred 
tractors, developing 30 draw-bar h.p. Used for hauling rollers, trammels, 
mowers, rotar\’ brushes and other light plant. 


Section 136.— SCRAPERS 
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2. Toumapull-drawn scraper.— The tournapull is a two-whee!ed 

tractor and replaces the fore carriage on a scraper. The result is a 
motorized scraper driven through two large pneumatic-tyred driving 
wheels. Having less adhesion than a tractor-drawn scraper, it usually 
requires the assistance of a tractor whilst cutting. When loaded, the 
high road speed is ideal for long hauls. The tournapull can be econo- 
mically used on hauls from 1,200 yards to 3;500 yards, as against the 
economic limit of 1,200 yards of the tractor-drawn scraper. 

Average performance in favourable soil — 12 cubic yards scraper— 

Class II tractor pushing : — 


Length of haul in feet 

1 (^u. yds. per hour 

800 

1 115 


1,000 

i 90 


2,000 

i 75 


4 

i 


3. Rotary scraper.— Consists of a bowl 4-7 feet long, 2 feet 4 inches 

in diameter, attached to a towing bar. A trip lever controls loading 

and spreading operations. Only 

suitable for light work, involving 

short hauls. 

Performance.- — Cubic yards per hour in favourable soil. 


"1 

; Size of howl 

, ; - Length of haul in feet \ 

j ^ ^ ^ 

j . .. 1 cu- yd. i 

1 cu. yd. 


50 

I''-' -26 ■ ■ i 

40 

150 

j : ,12 

18 


Section 137.— GRADERS 

1. Tractor- drawn blade graders.— A heavy frame mounted on 
wheels, with a blade 8-12 feet long, which can be regulated either 
horizontally or vertically to suit different tasks. The machine may be 
traversed across the rear axle ; set at an angle to the front axle, and 
the depth of cut regulated. 

Used for grading the surface of airfields, cutting ditches and shaping 
banks. Scarifiers, fitted between the blade and front axle, increase the 
utility of the machine, which, although difScult to manoeuvre, is suitable 
for some classes of heavy work on account of the great tractive effort 
of the tractor. For average service, in operational areas, this type of 
grader is unable to compete successfully with the motor grader which 
is easy to reverse and to move from task to task. 

Perforfhance 



Nature of Work 

Capacity 
per hour 


Scarifying and shaping sub-grade 

400 sq. yds. 


Spreading material — ^base course 

200 cu. yds. 

i 

Drainage — ditches 

300 cu. yds. 
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2. Motor grader, — -A' self-propelled version of the blade grader, 
having the power, unit situated to the rear of the blade. ^ The power-' 
operated blade is adjustable through a %vide range of positions to facili- 
tate operation. The front "wheels can be set to lean at an angle in order 
to counteract the thrust due to oblique cutting and to reduce slippage 
oh sloping ground. When "working in difficult ground/ the additional 
power of a tractor may be required, especially vrhen the scarifier is 
being used. Can also be used in reverse. On the road, they are capable 
of a speed of '12—15 miles per hour. The average working speed is 
3 m.p.h. Easily adapted for clearing snow*-,^ scarifying work and pulling 
trammels or rollers, these machines are invaluable for shaping and 
grading formation, loosening soil to a uniform depth, forming windrows, 
mixing, spreading and finishing of materials used in the construction of 
mix-in-place surfaces.. 

Performance , 


' ' ' ■ ■ ! 

. ' ' ■ ■ i 

j 

Nature of work | 

1 

Oiitpiit 
per hour 

V Ditches, sandy soil ... ... 

450 cu. yds. 

V’' Ditches, common earth ... 

300 cu. yds. 

Scarify and shape sub-grade ... ... ...: 

400 sq. yds. 

Spreading base course ... ... 

200 cu. yds. 

Shaping surface ... ... ... 

450 sq. yds. ■ 

Pavement construction— mix-in-place — bituminous 


material ... - ... . ' . . . , ... ' 

150 sq. yds. 


Because of their mobili"ty and wide service, there is a common temp- 
tation to give the motor grader tasks too heavy for its design. The 
machine’s foremost role is that of a light or medium surface grader, on 
which work an area of 7,000 square yards per hour has often been 
accomplished in desert country. 

3. Improvised graders. — ^The Trammel Scraper consists of a long 
timber or metal frame, to the underside of which four or five steel 
channels are attached. These channels may be set at an angle to the 
frame. Trammels remove small ridges or mounds and fill depressions. 
Easy to dismember and transport. 

Railway Rail and Channel Scrapers are usually 18 feet long. They 
are made double or single, and towed by lorry, motor grader, or wheeled 
tractor at an angle to the line of progress by adjustment of the tow- 
ropes. 


Section 138.— SCARIFIERS AND ROOTERS 

1. Scarifiers are sets of teeth fitted to road rollers and motor graders. 
They are used for breaking up hard surfaces. 

Under reasonable working conditions, 100 — 300 square yards per hour 
may be scarified. 

2. Rooters. — ^Very heavily constructed scarifiers, with 3 — 5 strong 
tynes, drawn by a Class I or II tractor. The tynes, with a maximum 
penetration of 2 feet 3 inches, are controlled by wire rope, operated by 
the P.C.U. on the tractor. For exceptionally hard conditions, the 
centre tooth only is used. Rooters will easily break up hard sunbaked 







clay.and^eveii soft rock. They are principally used to loosen the ground 
over, which scrapers are working, thereby increasing the performance 
of the scraper. They are also extremely efficient for breaking up 
concrete, . , , 

Rooters have been used extensively to win disintegrated surface stone 
for crusher plants providing material for runway pavements. , 

Three standard models are manufactured by the Le Tourneau 
Company 

Extra ' heav3r duty — 3 teeth each weighing 4| cwts. — 
designed for use with Class I tractor. 

H.3— Heavy duty, 3 — 5 teeth — ^Maximum penetration 29 inches — 
Class I tractor. 

S.3— 'Light duty, 3—5 teeth — Maximum penetration 20 inches— 
Class II tractor. 


Plate 50.~~ROOTER— 3-TYNE, CABLE OPERATED 


Section 139.— EXCAVATING MACHINERY 

1. An excavator is a self-propelled power-operated digging machine, 
which can be fitted with various items of equipment for airfield work. 

(a) The drag line used principally for excavating below its own level 
• or below water level ; the bucket being suspended by cable 
from the end of a long jib and filled by being dragged towards 
the machine. 

{b) Power or face shoveL — ^The digging bucket is attached to a rigid 
arm and capable of being forced upwards through the earth. 
Used chiefly against the bank or face of material. 

(c) Skimmer. — A. modified power-shovel, having a horizontal boom 
used for shaping to contour by surface excavation. 






(e) The grab consists of a bucket, with strong curved steel teetb 
or jaws, controlled by \vire ropes for clutcbing or gripping 
material to be removed. Not normally supplied for use on 
airfields. 

The macliines used by the Army have a bucket capacity of 
I or f cubic yard struck '' measure. 

Performance 

Approximate maximum output (solid measure) in cubic yards per hour 
in favourable soil. 


Capacity 

of 

bucket 

Face 

shovel 

Backacter 

Dragline 

Skimmer 

Grab 

f yd. 

40 

35 

20 

4 yd. 

47 

45 

: .' .25 .' . 

fyd. 

60 

55 

35 


2. Traxcavator,— Is a specially equipped Class IV tractor, to 
function as a small excavator. An '‘ H frame, with a cable-operated 
sliding bucket of f cubic yard capacity, is mounted vertically in front 
of the tractor. The bucket is dozed into a heap of sand, soil or rubble, 
and raised to the top of the frame when full. The tractor can then 
discharge its load wherever required. It has been used> successfully in 
operations, mainly for loading lorries, taking the place of much less 
mobile excavators. 

3. Elevating grader. — ^A power or towed grader, with plough 
collector and elevating attachment, designed for skimming off a long 
furrow of material, loading on to transport, or depositing clear of the 

Used for digging drainage trenches, excavating fuel-storage dumps 
and the exploitation of borrow pits, where the carry or 
by Athey wagon, dumper or tipper. 

It is an earth-moving, not a finishing machine, such as the towed 
grader or motor grader. Under good conditions, up to 400 cubic yards 
hour can be dug and loaded into transport. Where spoil is cast on 
he banks, the output may be increased to 700 cubic jrards per hour. 
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(d) Backacter . — ^The digging bucket is fitted .to a shovel arm which 
is pivoted , to. a jib or boom. To fill, the. bucket, is drawn 
upwards towards the machine. Primarily used for digging 
drainage trenches, it is useful for clearing out mud and pulve- 
rized material from craters. 



dtiii5i‘t-OTk*”DSa2d to'i5Sduci'?'clS.ii“”(“’‘' constmction on 
a n.„L.n. dep.h c! 

Si. S a. mSSS • « "8»* “e'“ t» tto 

^ continuous chain of buckets 12 to 

inio ine ground. 1 jus can be set either vertically for workinp* or rlrawn 

fso y2ds LTourl^co rate of 50 to 

150 yards an hour according to the type of ground. (See Plate 13.) 


Section 140.— PLOUGHS 

caiM 2®thiend o'fT^ tooJ- 3 inches in diameter, 

HTdttlo ^ f ^ vertical kmfe, having a maximum cutting depth 
0 inches, mounted on a wheeled frame for towing bv a Class IV 
tractor. Lsed for making agricultural tunnel drains in’clav soils of 
suitable consistency. It may also be used for laying long cartridges 
of explosives in the ground for demolition purpo.ses, or with surtable 
attachments for laying electric cables. 

double-breasted plough, capable of 
making a V-shaped trench 26 inches deep, 12 inches across the bottom 

steef f f ® supported on two lar^i 

TT«H • The depth of cut is set by hand before operation. 

mfst hJ trenches. In hard ground, the surfacfe 

must be broken with a smgle-tyne rooter before ploughing. 



2. Sheepsfoot rollers. — ^Are heavy, hollow cylindrical drums, 
3 to 4 feet in diameter, with projecting feet 7 to 9 inches long, arranged 
in rows round the drums. Drums may be coupled together or used 
as single sections. Towed by tractor, either singly or in multiples, in 
line or offset in the direction of the tractor. For extra hea'^y work, 
the drum of the roller can be filled with sand or water. {See Plate 17.) 
Some models are fitted with detachable feet. 

Used for compacting a considerable range of loamy soils, they are 
not effective on sand, gravel or crushed rock, without a binder, and 
can not be used effectively on heavy clay, especially when wet. Best 
results are obtained when the material to be consolidated is spread in 
5 to fi-inch layers. 
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V. :'Section- 141 .-— harrows , 

1 Disc harrows.— One ■ t\rpe consists of four sets of eight discs 
fixed in steel frames, and 'coupled together .in two lines each of two 
sets. The discs are in line with the direction of progress. The other 
tvpe, is made up of four 4-disc units, which are attached m pairs to 
rivo identical T-shaped frames connected in tandem. The stems of the 
frames point forwards, the front one being attached to the tractor, 
and the rear. one to the centre of the cross piece of the , front frame. 
The disc units are bolted one to each end of the cross pieces and attached 
bv the rods to the stems, so that they are set at an angle to the line 
of proo-ress. The set of the front discs is forward, and that of the rear 
discs backwards. Used for breaking down lumpy soil before grading 
and trammelling, and in the preparation of stabilized surfaces. 


2. Cultivator . — A tractor-drawm metal frame, 8 feet wide, 
supTX)rted on two wheels to which are attached 16 adjustable tynes, 
12 inches apart. Used to loosen, break up and mix soil after scarifica- 
tion and for progressive stages in stabilization. 


Section 142. — ROLLERS 


Performance of SS-ton power-driven rollers 


Nature of work 

Surface covered 
per hour 

Condition 

Sub-grade preparation 1 

1,000 sq. yds. 

3 m.p.h. 5 passes. 

Base course compacting gravel 
Base course compacting macadam 
Surface dressing 

300 sq. yds. ■ 
75 cu. yds. 
3,000 sq. yds. 

Rolling aggregate. 

Surfacing 

1,500 sq. yds. 

3 m.p.h, 3 passes. 

3 m.p.h. 6 passes. 


1. Power- driven rollers supplied for airfield work are either three- 
wheel all-purpose rollers or tandem type. Models range from 2-16 tons. 
The small sizes are petrol-driven, the larger by heaver (Diesel) oil 
engines. 5 and 8-ton rollers used by the American Aviation Engineers 
are two-axle tandem type. Heavy duty rollers are normally fitted 
with a scarifier. 
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Performance of sheepsfoot f oilers— two drum in line towed bf W. i.bM. 

trcwtor ■ 


{wobbly wheeled roller) .—-TMs is one 

best^ airfield constniction. The 

type ^ comprises a chassis with 8— 13- pneumatic tvred wheel's 

operating independently, in a wobbly fashion, off two eccentric axles 
wbLfr^^Trr ithe spacing between the rear 

sa?dbaas niTfi obtained by loading the chassis with 
a sm^th hJif ^ sheepsfoot roller, they knead the surface into 

^'inployed for compacting stabilized mixtures 
To^ved by a 30 d.b.h.p. tractor, 5 passes 
four fw S'lf; square yards in one 


Plate 53.— RUBBER TYRED ROLLER— TOWED 
13 ROLLER WHEELS. WESTERN DESERT ' 

Satisfactory rubber tyred rollers can be improvized from sets of old 

aircraft wheels. (See Plate 22.) 

4 Corrugated concrete roller.— A corrugated steel drum, filled 
ramped into the corrugations in 6-inch layers. 
A WO-g^lon water distributing tank can be superimposed above the 
roller. Towed by a Class IV tractor or by other means, they can be 
used, m heu of sheepsfoot rollers, for soil compaction. 


Nature of work 

1 Performame 
r ; ■ per hour ' 

i Remarks 

\ ' 

Sub-grade preparation ... 

1 650 sq.' y?ds. 

■ 540 sq. yds. 
450 sq, yrds. 

6-in. layers 8 passes. 
6-in. layers 10 passes. 
6-iii. layers 12 passes. 
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5. Tracked roller. — normal tractor, with smooth closely-fitting 
track plates, ' which has ^ been widely used in England for, the initial 
com paction of bitumen sand-mix surfaces. 

6. Snow rollers.— These are usually large light_roI!ers of approxi- 
mateh^ 8 feet diameter, 10 feet long, and weigh^ approximately 
1 ,000 ’lb. They can be towed at normal speeds by a light tractor and 
can consolidate 6 inches of snow to 2 inches in one pass. 

7. Improvised rollers. — Rollers are frequently constructed from 
local materials, using steel cylinders of various sizes filled with concrete 
and attached to suitable towing devices. 


Plate 54.— TRIPLE ROLLERS— TOWED, SMOOTH- 
ON CYPRUS RUNWAY 

Section 143.— ROTARY SWEEPER AND MOBILE MAGNET 

1. Rotary sweeper. — A fibre or wire broom towed by a wheeled 
tractor, or fitted to a motor-grader. Used for removing sand, dust, 
gravel and light snow from runways and taxi-tracks ; also for cleaning 
surfaces, and in preparation for bituminous applications. Valuable 
for sweeping bomb and shell fragments or crow's feet " from paved 
runway surfaces. 

2. Mobile magnet for clearance of metal fragments.— A 

mobile magnet, attached to the front of a Class IV tractor has been 
developed experimentally for the purpose of clearing, from airfield 
runways, bomb and shell fragments, crows feet and other pieces of 
magnetic metal liable to penetrate the tyres of aircraft and servicing 
vehicles. 

It consists of 12 electro-magnets suspended from t\^o 16-ft. 
carrying-channels, carried on two beams fastened to the side arms of 
the angledozer yoke. Wheels with axle bearings of variable height, 
are mounted at each end of the magnet carrying-channel to maintain 
ground clearance at the desired height. Loops of chain, on a 16-ft. 
T-piece, drag on the* ground in front of the magnets, thereby loosening 
any embedded material. 

A 4-kvi’‘ generator fitted on a frame at the rear of the tractor provides 
the power for the magnets. 
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Section 144.-^BITUMEN. PLANT 



1, Mixers . —These macliines . are, designed. ■ to prcnide a low of 
iiiiiforml}" mixed aggregates ' and bitumen. ' Some typcxs can be used 
as travelling mixers, picking' up aggregate from windrows, mixing and 
laying it. Stationary types are ..used at central ■ mixing stations or 
moved from point to point as The work progress'e's. 

(/?’! Barher-Greene The ■ ■■mixer hopper l! cubic yard 

capacity i is fed by ■ means of ■ a ■reciprocating feeder and 
elevator. The aggregate is 'then con vetoed along an apron 
feeder to the pugmil'l. ■ Before entering the pugmill, a coat 
of bitiinieii is sprayed over the aggregate from a spray bar 
regulated by a metering pump, w'liick is fed from a 350-gallon 
insulated tank on the mixer frame. 

Mixing is by twin paddle-shafts.,-, revolving in opposite 
directions each shaft having eight paddle arms, the tips of 
which force the mix towards, the discharge end of the p)iigmiIL 
The mix is deposited, on the surface, or into trucks by means 
of a *'* hot material .’’ con veyo.r,. driven by an ■exteii.sio.n, shaft 
from one of. the paddle .shafts. Wi.il p)rodiice- 15“'30 tons of 
materia.! an hour, according .to the type of aggregate ., {see 
■ Plate 55). 

ib) Wood road nnhcr.— This snialler type has been used in North 
Africa with moderate success, for airfield construction. It 
has a rotary paddle shaft, with 12 d(.a3ble-ended paddle arms, 
adjusted to regulate the how of the mix. The mixer drum 
rests on the ground ; a spiral blade, in advance of the paddle 
arms, assists the introduction of the windrowed material 
into the mixer drum, where it is sprayed with bitumen, 
which is delivered under pressure from a towed tanker. 
A Ford V.8 engine, mounted at the rear of the mixer, delivers 
the bitumen from the tanker, and also provides air for the 
pressure burners fitted to the mixer drum. 

{c) Other travelling mixers used on airfields are the Iroquois, 
Jaeger, and Stothert and Pitt Mixers, 

A pre-heating bitumen plant and two insulated bitumen 
trailers are required to maintain the supply of bitumen for 
travelling mixers. .. ^ ' ' 

{d) Millar Mixer (10 cubic feet capacity). — These machines are 
mounted on four steel-rimmed wheels and fitted with a tow 
bar. The mixing drum, with twin shaft paddles, is fed by a 
power-elevated skip (10 cubic feet capacity). Bitumen or tar 
is pumped from an independent tar-boiler, into a trough baler, 
where the correct quantity for each batch is measured. The 
bitumen or tar supplj^ is in constant circulation. The trough 
baler is fed from a hand-operated tap, emptied into the mixer 
drum and refilled for the next batch. The mix is discharged 
through a hand-operated discharge door. A 14 h.p. diesel or 
petrol engine operates the mixer drum, bitumen pump and 
the elevating mechanism of the skip. All controls on the 
machine are operated by one man. Under normal working 
conditions, will produce ^10 tons of mixed material per hour. 
{See Plate 45.) 

May be used, together with a drying machine. For direct 
discharge into lorries, these machines are sometimes raised 
upon suitable structures or are served by a sunken lorry road. 
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-BARBEE-GREENE MIXER USFT> AS STATIONARY BEANT. ITTNISIA 
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AppyoximatB output foY sictfiduvd fuixets 


Output per hour 
in cu, yds. 


'Number of hatches 
per hour 


Mixer size 


For large scale concrete construction in statac areas 
such as central mixing plant, paving, spreading an 

may be available. 
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2. Asphalt finisher or paver.— Ihis crawler-tracked, 
unit is used for la^-ing mixed bituminous materials “f.™” 
ments It is a tamping and automatic levelling macliine capable of 
S'-S; to 6 inf he, thick. 8 to 12 f«t i. ”«>>.« ‘IftLS 

7 to 44 feet per minute. The average laying capacity is 100 ^ns per 
hour depending on the t\-pe of mix or thickness of paveinent. ^ 

is usually supplied to the paver from dump trucks It can be used 
for laying and finishing material produced by a travelling mi. . 


3. Tar boiler.— This consists of a chassis mounted on four 
tyred wheels, containing a 250-gallon cast iron ®;^or 

bnming coal or fuel-oil, heats the tar or bitunaen. Fitted 
two spray distributors, and a davit for hoisting the tar barrels aD 

the boiler. Towed by a roller or tractor, or horse-drawn. 


4 Bitumen tank.— This consists of a trailer-mounted tai* of 
1 000-to 1 500-galloE capaciU'. 28 h.p. boiler generates steam for 
. heating the bitLen. It is used for a supply 

of bitumen for travelling mixers, and asphalt distributors. 


5. Bitumen distributors .-1.200-gallon or ’ ®or 

mounted tanks used for heating, transporting and distributing o 
Spraying bituminous material over large areas. 

USO square yards per hour can be covered at the rate of 0-2 gallon 

per square yard using a 24-foot spray. 


SFCTION 145.-CONCRETE MIXING, SPREADING, AND 

^ finishing machinery 


1. Concrete mixers.-For airfield 

tte^second numbef to appmxtaate'' in^uWe 

feet of mixed material. A 10/7 mixer will produce 7 cubic feet ^ 

material from 10 cubic feet of unmixed material. Mixers . 

on four wheels with a towing bar. for tramsport on the site. The mixing 
drum is driven by a small petrol engine. 
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2. CoEcrete paver.— -The- concretepaver i*s used for the construction 
of large concrete pavements.. It.. is; a crawler-tracked, self-propelled 
concrete mixing, .unit, 'with a 'large charging skip into which the materials 
are discharged by dump 'trucks. '■ The skip .is raised, to discharge its 
contents into a horizontally rotating, mixing drum capable , of producing 
34 cubic feet of mixed concrete ever^r 50 — IGO seconds depending on 
the setting adopted for the automatic mixing cycle. 

The Koehring 34 E concretepaver'bas a double compartment mixing 
drum thereby enabling it to produce 34 cubic feet of mixed concrete 
every 60 seconds. The average output is 100 tons per hour. 

The Rex Multifoote 34 E concrete paver has a single mixing drum, 
operating like the Koehring paver on an automatic cycle, whereby all 
necessary operations are automatically measured during each mixing 
cycle. In both types the mixed concrete is discharged from the drum 
into a bucket suspended from a projecting boom 35 feet long. Concrete 
can be dumped by means of this boom and travelling bucket over an 
area 32 feet in diameter. 

Designed for use as a travelling mixer, the concrete paver is often 
used as a static mixer. 

3. Concrete spreader. — This machine is designed to operate 
directly behind the paving mixer, and to spread the batch outputs of the 
paver into a continuous uniform slab of concrete between road forms 
set at a maximum width of 20 feet, which serve as rails on which the 
spreader travels. 

A self-propelled unit mounted on four wheels, it consists of a spreader 
blade which can be set to work at any desired depth below the top of 
the road forms, spreading the paver batches across the road while the 
machine is advancing along the road forms. Behind the moving spreader 
blade is the strike-off plate, which can be arranged so that it leaves 
either a hat or a roughly cambered surface. 

4. Concrete finisher.— Designed to operate directly behind the 
concrete spreader, tamping the concrete and imparting to it the final 
finish to the required surface level. It consists of a front sliding screed 
20 feet long, 9 inches wide, followed by the vibrator pans and then the 
final finishing screed, 12 inches wide. All are adjustable to suit varying 
conditions of concrete mix, paving widths and finished surface levels. 

5. Colcrete mixer.— The twin-tank machine is operated by either 
petrol, diesel or electric motor unit. In one tank, cement and water 
are combined to form a colloidal cement- water grout ; in the other, 
sand is added to fonn a stable cement-sand grout. Grout is delivered 
to the site, through 2i-inch diameter rubber hose up to a distance of 
150 feet. Output, about 18 cubic vards per hour. 


Section 146,— P.B.S. LAYING MACHINE (** STAMP 
DICKER »’) 

L The function of this machine is to apply a liquid adhesive •solvent 
to the underside of the Prefabricated Bituminous Surfacing and lay 
the material evenly on the ground. 

2. This machine consists of a two-wheeled pneumatic tyred trailer 
casing a lower closed tank holding 120 gallons of petrol-oil solvent' 
an upper tank of 30-gaIlon capacity, in which rotates a 16-inch 
diameter canvas-covered wooden roller, partly immersed in the fluid 
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Section 149.~-AIRB0RNE ENGINEER ' EOUIPMENT 
FOR ADVANCED LANDING GROUNDS ; ' 

1. Airborne engineer equipment, sent fonvard into areas not acces- 
sible to overland mo\^ment, is selected for its compactness orsuitabilit>’ 
for ready dismantling and reassembly. 

2. American experience in the Southern Pacific has led to the selection 
of the following plant, for a standard task, transportable by C-47 Trans- 
port Aircraft (door -v^ddth 84 inches), or CG-4A Glider (door width 
70 inches). 

(a) Crawler tractor, with bulldozer and winch, hydraulic controls, 

20 h.p. tractor. Weight 4,230 lb., length ilO inches, width 
49 inches. 

(b) Rubber- tyred tractor. Weight 3,300 lb., 123 inches by 56 inches. 

(c) Tractor-mounted J cubic yard shovel loader. Weight 4,200 Ib., 

144 inches by 56 inches. 

(d) Scraper IJ cubic yard, towed, hydraulic controls. Weight 

2,400 lb., 147 inches by 65 inches. 

(e) Trailer, dump, 2 wheel, -J-ton. Weight 635 lb., 92 inches by . 

55 inches. 

(/) Grader, road, towed, 6|-foot mouldboard. Weight 1,875 lb., 
174 inches by 70 inches. 

(g) Sheepsfoot roller, single drum with detachable teeth. Weight 
3,060 lb., 132 inches by 60 inches. 

(k) Smooth roller, towed-type, 5-ton water-load. Weight 2,000 lb., 
165 inches by 60 inches. ’ i 

3. The limited capacity of airborne equipment and the consequent ' 
need for the avoidance of all unnecessary heavy tasks, puts abnormal 
responsibility, upon the skill and judgment of the planning staff and the 
reconnaissance engineer. Favourable sites are essential. 

Section 150.~WATERPROOFING EQUIPMENT FOR 
DEEP-WATER FORDING 

1, The best methods of waterproofing the major items of mechanical 
equipment used by airfield engineers, have been determined by extensive 
trials. Tractors, motor graders, motor scrapers, excavators, dumpers, • 
rollers, and even portable crushing plant can be operated through 

4 feet 6 inches of water for a period of six minutes, or for several hours, 
if waterproofed for continuous operation. To ensure complete success,' 
equipment must be in perfect mechanical condition, and if used for 
continual wading, should be driven ashqre after the first half hour, so " 
that certain parts may be checked for excessive leakage. 

2. Various sizes of copper tube are required to raise breathers above 

water^ level, also steel tubes for extensions to inlet and exhaust pipes 
and air filters. Steel tube connections are protected against vibration 
by the insertion of rubber tubes. Other precautions involve the use 
of : — r - 

(а) '"Denso” putty . — A hard -waterproofing putty for gaskets, 

coverplates, etc., at ordinary temperatures. 

(б) Denso ” plast . — ^A fairly high melting point compound used 
for protecting electrical equipment, sealing cracks, and the 
seams of covers. It is tenacious but easily worked. It must 
be applied thickly, with all edges feathered '' off and with 
the top smoothed over to present an unbroken surface. 
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(c) ''Denso'' tape . — A waterproof adliesive'' tape which may be 

applied to metal surfaces, or used as a bandage to cover 
.recesses filled with Denso, plast. It should be applied with 
J inch overlap, wou..nd on like. a puttee and the edges, smoothed 
, over -with the hands. 

(d) “ Denso ” paste . — A jelly type 'material which may be applied 

to metal surfaces, and afte.rwards covered with Denso tape. 

(e) " Bostik 6B2”— A sealing cement. — In cold, weather, warm 

slightly to give an easy flow of compound. Bostik 692 is ■ 
used for joining waterproof fabrics or for attaching waterproof 
fabric to metal. It is painted on both the surfaces to be 
stuck together, and must be allowed to get n.sa.rly dry before ■ 
the joint is made. 

. {/) : Asbestos compound. — Ma.y be used in place of Denso plast,.. if 
this is not available. 

.. (g) Empire •doth. — ^This is a waterp.roof fabric used for making 
bootees to fit on gearbox and clutch levers, etc. 

3. All surfaces to which waterproofing compound is applied must be 
clean and free from all dirt, oil and grease, if a good seal is to be 
obtained. 

The fuel injection pump breather should be opened within 12 hours 
after the tractor has left the beach. Engine and steering clutches 
and final drives to be checked for leakage. All waterproofing com- 
jpounds should be removed within five days of landing and all parts 
thoroughly cleaned. Oil should be changed and all parts lubricated. 
It is essential that equipment be washed with fresh water to safeguard 
against the deleterious action of salt water. 

4. The Engineer Board, Fort Belvoir, U.S.A., has issued instructions 
on the waterproofing of plant, allowing the submergence of both diesel 
and petrol engines. No special degree of skill is required. The 
operator, with the help of one man, can perform the task in 4 or 
5 hours. 

Pipes and fittings are used to raise breathers, vents, air cleaners and 
exhaust pipes above water level. The maximum depth of water 
practicable for tractors and graders is limited only by the length of 
these extensions and the depth at which operators can maintain 
control. Materials used include : — 

(a) Permatex gasket compound, for sealing all inspection plates 
and other covers liable to let water into different housings. 

{b) Friction tape to seal seams around air cleaners and to wrap 
sparking plugs, magnetos, generators and wire connections. 

(c) Insulating enamel to protect and seal pores in the friction 

«tape. 

(d) Asbestos grease is applied over sparking plugs and \vire 

connections immediately before entering water as an additional 
precaution against short-circuiting, and to cover the carburettor 
assembly. 

On completion of landing, the tape round the magneto and generator 
must be removed, but otherwise no stripping or cleaning is necessary 
until a suitable opportunity arises. 


CHAPTER 21 


STANDARD TYPES OF TECHNICAL STRUCTURES 

■Sectio-N 151. — GENERAL 

1. Tht' Anixy is responsible for the provision and erection of all 
structures required by the Air Force in operational theatres, with the 
exception of hangars, which are erected by the Army but are an Air 
:Ministrv supply. 

Standardisation of technical accommodation is adopted as con- 
sistently as war conditions will allow. 

2. Standards for airfield layout and surfacing have to be observed, 
within narrow limits, for a single operation as for lengthy service. 
On the other hand, projects for technical accommodation will always 
be judged critically as to the urgency of the service rendered and to the 
Kirm for which the service will probably endure. Big hangars for air- 
frame repairs or small dust-proof, well-illuminated buiMings for 
instrument work may be needed for high efficiency, but so long as • 
canvas-clad ‘'nose*' hangars or repaired buildings appear to be 
“ good enough,'’ urgency of completion leads to make-shift methods 
at a level falling short of standard types. 

3. Engineer officers, responsible for advising Air Force Commands, 

and subsequent construction or adaptation, will need a good basic 
knowledge of the technical and administrative functions, for which ^ 
provision has to be made, '3 

4. Buildings and other structures will be classified under the 
following heads, ranging from simple operational needs to heavy 
commitments at the base : — 

(a) Advanced operational units. 

(b) Defensive operational units. 

{c) Signal buildings. 

(c^) Control towers and offices. 

{^) Bomber units. 

{/) Maintenance units. 

{g) Hangars. 

(h) Pens. 

(i) Operational training units. 

(j) Parachute storage and packing. 

5. For operations in Western Europe, bomber bases and maintenance 
services are retained in England as long as economically practicable. 
In these circumstances, in contrast with the conditions obtaining in a 
balanced force entirely overseas, services are performed by various 
authorities, including the Air Ministry, Ministry of Aircraft Produc- 
tion, Ministry of Works and the Admiralty. 

6. The following sections are based upon the experience of R.A.F. 
Commands, in a distant theatre, of varying climatic conditions, where 
all branches of activity, from erection of new aircraft to salvage work 
in battle areas, were represented under a single command. 
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Section 152.— ADVANCED OPERATIONAL UNITS 

1. In operations, little call npon the'"- engineers is made by 
units, , even when thie situation becomes ■■static for considerable pericxls 
of time.. 

2.. Trailers and, lorries., .are . converted - to suit, 'different purposes. 
Fighter,. Group or Wing operational control requirements can be met 
by the assembly of these vehicles into' an' o'pen. sqii.are, with a canvas 
covering supported by. a. collapsible truss. ■ 

3. , Advanced repair and salvage units, and associated air stores parks 
are essentially mobile, un.de,rtaking minor repairs in order to return 
, lightly damaged .aircraft to, their units. Alternatively, aircraft are sent 
back to,, maintenance units in the, rear, by air 'or by ,road transport, 
if too badly damaged for forward repair,. -The .fifst demand of repair 
and salvage units is ,, for , easily-erected . portable . .frame huts, canvas- 
covered, for workshops and .stores., 

4. Air stores parks are wholly mobile, being provided with store 
trailers and holding most of their stores in weatherproof packing cases, 

5. If static conditions arise, a fighter wing and two or three squadrons 
operating from one airfield, may require temporar}' buildings or 
cut-and-cover accommodation. 

One squadron would call ultimately for some or all of the following 
accommodation (scales shown for guidance only) : — • 



sq. ft. 

sq, ft sq,fi. 

Operations room 

120 Telephone ex- ' 

Wireless and 

Intelligence ... 

150 change... 

... 100 battery room ... 240 

Armoury 

300 Signals and 

Crash ward and 


ciphers 

...200 M.I. room ...200 


Instrument 

Pilots’ rest 


repairs 

... 240 room ... 400 


Armoury and instrument repair 1*001115 must be reasonably dust- 
proof. 

Section 158.— DEFENSIVE OPERATIONAL UNITS 

1, The role of these units is the protection of coastal convoys and 
the defence of ports, towns, installations, etc. Technical accommodation 
required is of a specialized character, chiefly for a chain of operational 
buildings with their ancillary’- “ A.M.E.S.'* (Air Ministry Experimental 
Stations). 


2. On the airfield, squadron requirements may, for example, include 
the following : — 



sq, ft. 

sq.ft. 


sq.fL 

Pilots’ rest 


Crash ward and 

Signals . . . 

... 100 

room 

400 

MJ. room ... 200 

Ciphers . . . 

... 100 

Wireless and 
bat£ery 

240 

Instrument hut ... 240 

Armour}^ 

... 300 


Some defensive fighter airfields are provided *^vith night fighter 
R.D.F, workshops (1,000 square feet). 


3. The layout and design of operational buildings lor coastal defence 
are always planned on a high staff level, but engineer co-operation may 
be urgently needed, especially when, as in built-up areas, existing build- 
ings call for speedy adaptation. 


4. A normal chain of command for operations is from command to 
■ group and from group to sector. The number, of sectors to a. group is 

.variable. 

As a rule, information from “ A.M.E.S.’' is passed direct to group 
hiter rooms, which in turn pass on relevant information to sector 
ops.*' rooms for action. In certain cases, filtering by group is omitted 
and it is then carried out by sectors, commonly in a separate filter 
. room. ■ 

Buildings required may include the following, apart from structures 
built for higher commands : — 

Sector operations, with attached filter room (S.O.R.-f F.R.). 

Sector operations, with combined filter room (S.O.R.F.R.). 

Sector operations (S.O.R.). 

All the above will have their own attached signals receiving and 
\V/T stations, varying in capacity from 4 to 24 channels. 

5. Details of a tj^^ical overseas operations building, and of the 
controlling dais are given in Plates 58 to 60, showing efficient internal 
dispositions. Specially constructed buildings, well-lit and ventilated, 
are essential for the highest efficiency, but poorer standards may be 
accepted temporarily. 

Group and sector requirements are practically the same, except that 
the group, not normally controlling aircraft in the air, does not need 
a triangulation room, but may require a bigger filter room for its 
greater area of responsibility. 

6. The painting of maps on operations tables is done by R.A.F. 
personnel, but tables are an engineer supply. A common scale for 
maps is tv^o miles to an inch. Tables are 10 feet in diameter, 2 feet 
high at the front and 3 feet at the back. Table tops must have a per- 
fectly smooth surface to take a high class paint finish. Linoleum or a 
hard boarding such as “ masonite '' is most suitable, the latter allowing 
a better butt joint. Filter tables are rectangular, always level, and 
2 feet 10 inches high. These need to be strongly built to carrv the 

plotters who sit or lie on the table. 

Triangulation tables are 4 feet in diameter and 2 feet 9 inches high. 

Section 154.~-AIR MINISTRY EXPERIMENTAL STATIONS 

1. The majority of these units overseas are completely mobile and 
require little field work to be done, beyond blast protection for two to 
four technical vehicles. 

2. One type of static station, shown in Plate 61, comprises receiver 
room, transmitter room, W.T. or controller’s room and store. 

3. It is important that receiver rooms, used much under blackout 

conditions, should be adequately ventilated. The transmitter room is 
noisy. Reasonable sound insulation should be provided. Instrument 
rooms must be as dust-free as possible. ** 

4. A typical aerial-frame gantry has two separate stages, the lower, 
lOi feet above ground, carrying a load of 6 J tons, with R.S Js. resting 
on side the w'alls ; the upper stage 20 feet above ground, serves to 
take the lateral vind-thrust on the aerial frame and to provide a plat- 
form, for maintenance. Two generators, 20~k.v.a., are accommodated 
in separate power houses. 
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Section 155.~SIGHAL BUILDINGS ' 

1. Wireless comm,iinications' are : operated R.A.F Signals and 
land-lines by Air.. Formation Signals, .a branch of R.C.S. 

, , 2. dn. mobile operations,. R.A.F. signals ' equipment is .' housed in 
special vehicles. As soon as the situation becomes suffi.cientlv static 
anddhe siting, of permanent centres can be attempted with reasonable 
.confidence, new stations are built. These stations are easy to construct . 
Spans are small. C.G.I, and steel members- should be avoided particu- 
larly in transmitting stations. » , ■ ., 

Dust exclusion and temperature control are desirable. Type X 
(cipher) rooms should be sound-insulated, owing to the noisiness of the 
machines used. Accommodation required, is dependent upon the 
number of channels and the functions of each particular station. 


3. Standards for four or five channels 
follows: — 

may be roughly' indicated as 

[a) W.T, station : — 

Transmitter hall . 

sq. ft. 

.. 300 

Battery room ... 

sq, ft,. 

. l-OC) 

Office 

.. 120 

Store 

. 120 

Workshop ... 

.. 120 

Auxiliary power house 

200 


(/;) liisceiving station, providing for local traffic, would include 

Receiver room, 200 square feet ; teleprinters, 150 square 
feet ; traffic, 150 square feet ; also seven rooms for signals 
officer, ciphers, type X room, telephone exchange, stores, 
clerks and D.Rs., each 100-150 square feet. 

4. Air formations signals .-—With the exception of occasional main 
communication exchanges, accommodation called for by these units 
forms part of operational or administrative buildings. 

Accommodation may be required for up to 30 teleprinters, a telephone 
exchange and some stores huts. 

Section 156.— CONTROL TOWERS AND OFFICES 

1. A control point is necessary upon ever\^ airfield from which aircraft, 
either in the air or on the ground, can be directed, and to which all 
pilots must report on landing or before taking off. These are called 
‘‘control office'" or “control tower" for single or double-storey 
buildings respectively. Their functions are directed by the “ flying 
control " branch, R.A.F. 

On small or advanced landing grounds control is often exercised 
from a hut or large tent, but on main permanent stations a large 
structure has to be built. See Plate 62. 

2. In siting the tower or office, the “ flying control " officer will 
seek 

(а) “Uninterrupted view of the whole airfield, including all dispersal 

areas if possible, with a good outlook on sides as well as to the 
• front. 

(б) A building which faces N., N.E., or E. (in order of preference) 

in order to avoid sun-glare. When this is impracticable, the 
building should be aligned on any other cardinal jwint of the 
compass, to help the control officer to find direction quickly 
when locating aircraft flying in. 

Buildings include control room, office, rest room, ihovements office 
and night flying equipment room. 







Plate 64 .— CONTROL TOWER 









All meteorological stations require access to a flat roof for setting 
off balloons and for the use of a theodolite. It is desirable that they 
should be incorporated in the control building or housed in a special 
structure in the immediate vicinity. 




Plate 65.™--U.S. CONTROL TOWER AND WIND VANE 
SITED BETWEEN TWO PARALLEL BOMBER 
■■ .'RUNWAYS^'^ 


3- Meteorological offices. — These usually form part of the control 
tower, but the accommodation required varies widely with the type 
of unit assigned to the airfield. In operational areas abroad three 
establishments are typical 

(a) Independent forecasting unit, consisting of four officers, seven 
O.Rs. and 10 to 13 W^T, operators. 

For this unit an independent building is required, with 

(i) Forecasting station, 140 square feet. 

(ii) W^T. office, 70 square feet. 

(hi) C.O's. office, 110 square feet. 

(iv) Store, 40 square feet, 

(v) N.C.O’s. 70 square feet. 

(vi) Hydrogen generator room, 30 square feet. 

{b) Small forecasting unit, consisting of two officers and four 
O.Rs, 

(c) Reporting and distributing station, with three O.Rs. ® 
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Section 157.— BOMBER UNITS 

1. Til© , accoiiimo(iEtioii , rcf^uired . .by nieciiiiiTi cmd. I 103 .W bornbcr 
formations opcmting from bnsos ovorscns is govcmcci prinisiriiy bv 
climatic conditions and by the appropriate standard of permanence 
required. 


2. Buildings to ensure efficient ser\dcing of intricate equipment, and 
facilities for transporting and handling heavy tonnages are of special 
importance. 


3. The first call for hutted accommodation is likelv to be for the 
services echelon and the repair and salvage unit. 

^ 4. Services echelon 

{a) Armoury hut for small bomb-containers, which require delicate 
setting of fuzes in good light. 

[b) Armoury hut for turret work, gun-cleaning and storage room. 

^ and a belting room. 

[c] Wireless and batteries accommodation, well-ventilated and 

dry^ The wireless section needs good lighting, and framing 
on which to mount components. 

{d) Rooms for instrument and electrical gear maintenance. 


5. Repair and salvage unit huts 

(a) Armoury hut. Turret storage 
capacity of squadron armoury. 

{b) Electricians and wireless hut. 

{c) Metal-workers’ and fitting hut. 
water annealing. 

{d) Aerofoil repairs and storage. The aerofoil is stored on racks 
hung from rcof sections. Layout must provide for delicate 
handling. 


and maintenance bevond 


Forging, brazing and salt- 


I 


6^ Wing requirements. — From these primary needs, accommoda- 
tion requirements for an established bomber wing, with two squadrons, 
would gradually expand to some 15,000 square feet, apart from 
hangars. The following minimum scales are given for guidance 
only 

(a) Operations block, — Ops. room, 360 square feet ; intelligence, 
120 square feet ; targets and maps, 100 square feet ; C.O’s. 
office, 120 square feet ; clerks, 200 square feet. 

(i!)) Briefing block . — Briefing room, 1,100 square feet; offices, 
240 square feet; maps, 150 square feet; clerks, 480 square 
feet ; buffet, 150 square feet. 


(c) Miscellaneous 

. ■ 

Workshops ... 

Armoury ... 

Equipment store 
Metal workshops 
Detonator stores 
Pyrotechnics ... 

Also control tower and signals. 


Sq. ft. 
1.250 



(rf) Power plant requirements would be about 20 k.v.a. to carry 
the following loads 

Signals, 5 k.v.a. ; workshops. 1 k.v.a. ; lighting, including 
runways, 5 k.v.a. ; with standby plant as resources allow. 

One T.l Bellman hangar (for medium bomber) or one 
T.2 hangar (for heavy bomber) for the wing, and one for the 
repair and salvage unit. 

(e) Administrative offices may be required for eacli squadron on 
the basis of a squadron and flight Mock, 1,800 square feet. 
Each additional flight would need 600 square feet. 


Section 158 .— MAINTENANCE UNITS 

1. Maintenance units cover a wide range of activities and represent 
heavy requirements in storage, technical and administrative accommo- 
dation, at base or on L.-of-C. 

In general, the demands for building and facilities conform closely 
to ordnance standards, but there are special factors which should be 
understood by engineers responsible for provision, by means of new 
structures or by adaptation of old. Planning and reconnaissance — 
and particularly where there may be competition between different 
services for the same buildings in captured territory — call for a good 
general l:nowIedge of services to be performed. 

2. Accommodation required for the forward repair units of any 
particular force will be laid down by the command. Representative 
types of maintenance unit are as follows : — 

{a) Storage and issue 

Explosive holding depots. 

Equipment holding depots. 

(b) Engineering and repairs 

Engine repair section (E.R.S.). 

General engineering section (G.E.S.). 

Signal repair section (S.R.S.) 

M.T. repair section (M.T.R.S.), including salvage. 

Aircraft repair section (A.R.S.) including salvage. 

(c) Miscellaneous 

Aircraft repair unit (A.R.U.). 

Advanced aircraft depot (A.A.D.). 

Aircraft erection units (A.E.U.). 

3. Air ammunition parks, repair and salvage units, and air stores 
parks call for little accommodation. 

4. The broad diflerences between accommodation demands for the 
storage and the engineering units are : — 

(£j) Main store-holding units, whether for equipment or explosives, 
,,, need an integral group of buildings and dumps, capable of 

■ a- , , protection against theft and sabotage, with dispersal governed 
i _ ^by relevant Are, explosion and C.W. risks. Good rail and 

road communicarions are obviously of great importance. 



{b) Repair .and engineering nnits' need, primarily, power supply, 
good road and ' rail connections, and light buildings, not * 

■ necessarily closely grouped.. The aircraft repair section must 
be close to runway and servicing facilities, and will require 
extensive hard standings for-vrork on dispersed aircraft or on 
aircraft outside the hangars. 

5. Explosive hoMing depots. — These may carry ammunition, 
pyrotechnics, P.O.L. and C.W. stores, combined or in separate groups. 
Requirements are closely comparable to those of ordnance. A few 
special factors for consideration are : — 

(а) Tail units, incendiaries, pyrotechnics and C.W. stores, need 

good protection against the weather, and the last-named, 
good ventilation. Technical buildings, such as laboratories, 
workshops, belting sheds, and accommodation for the 
Aeronautical Inspection Department will be required. 

(б) High octane spirit demands better protection from sun-heat 

than M.T. petrol because of its high volatility and lead 
content. If this spirit goes off grade, adverse results would 
be serious. 

Bombs of most patterns can take rougher treatment than 
shells, and, being commonly much heavier, need strongly 
constructed floors, when conditions allow the erection of sheds 
or construction of hardstandings. 

A balanced explosive holding unit, of 10,000 tons, without 
P.O.L. , will require 150,000/200,000 square feet of storage 
accommodation in 50 or 60 detached structures, of which the 
majority are walled, 

10,000 tons of aviation fuel, in drums and tins, and of oils, 
would require pits and hardstandings, with sun and rain 
cover, amounting to about 500,000 square feet. 

For guidance, apart from any particular operation for which 
specific standards would be laid down, floor space requirements may 
be indicated as follows, in square feet per ton : — Bombs, 15; C.W. 
stores, 20 ; pyrotechnics, 12 ; S.A.A., 10. 

6. Equipment holding depots. — A base unit is likely to require 
300 000-350,000 square feet of covered accommodation, for holding 
all categories of R.A.F. stores. These may number over 300,000 
different items, technical and non-technical, including airframes, 
aero-engines, armament, M.T., marine craft, turrets, W.T. and 
electrical gear, instruments, materials (metals, special timber, dopes, 
etc.), tools, barrack equipment and clothing. 

Advanced holding units, or depots incorporated with an engineering 
unit, are likely to need 150,000 square feet of covered accommodation, 
when circumstances allow. 

The requirements of these depots can be met, almost^ enrirely, by 
standard army sheds and huts ; but adaptation of existing buildings 
is also a common operational call. 

7 Repair units.— The functions of a repair unit, engaged upon 
salvage repair, testing and despatch of aircmft and comj^nents, are 
performed by five sections, grouped variously according to the 
facilities available. 




(d) 
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Aircraft and • engine .'repair.' sections- are . common] v separate, tlv- 
A.R.S. needing .to be .near, a runway, and tbe 'E.R.S. and other sections 
being located advantageously at a distance from the dust and bombing 
risks associated with an airfield. ' ■ 

A unit combining all functions will ■ require between 400,000 and 
500,000 square feet of covered accommodation. 

■ 8. Engine repair section.-™The layout provides for : 

(a) Stripping unserviceable engines. 

(b) Cleaning. 

(c) Viewing. 

(d) Rectification. 

(e) Erection. 

(/) Testing (at benches outside the covered area). 

Accommodation for 100 engines per month : assume 30,000-40,000 
square feet. Wide span shedding is not essential. Floors should be of 
strong construction. Dust elimination is important. 

9. General engineering section. — ^A. full section serving an A.R.S., 
E.R.S., S.R.S., and M.T.R.S. would require shops, stores and offices 
totalling about 80,000 square feet, including certain specialist shops 
which are of general service. The principal branches are propeller shops 
(15,000 square feet), armament repairs (9,000), turret repairs (5,000), 
parachute and safety equipment section (3,000), machine and fitters’ 
shop (20,000), metal workers (20,000) and chrome plating (3,000). 

Some shops need special internal equipment such as the propeller 
repair section with heat-treatment baths and blade-balancing bay. 

10. Signal repair section. — ^Accommodation for R.T. and W.T. 
repairs, experimental work, installation and test shops at a base M.U. 
(maintenance unit) would total about 10,000-15,000 square feet in 
well-constructed buildings. 

11. M.T. repair section. — Air force requirements do not present 
any special features. 

12. Aircraft repair section. — ^This section, of variable capacity and 
type, needs accommodation upon an airfield for the following branches 
of work : — 

{a) Salvage and recovery. 

(b) Fuselage repairs. 

(c) Plane repairs. 

(d) Component repairs. 

(e\ Test and despatch section. 

Requirements in hangars and sheds, and in hardstandings, for outdoor 
work, vary greatly under different climatic conditions. Covered 
accommodation for dealing with 100 fighter aircraft per month may 
exceed 100,000 square feet in k moderate climate. 

An aircraft erection unit, either separately or as part of an aircraft 
repair section, assembles and tests cased aircraft (such as short range 
single-engine t37pes) arriving abroad by sea. 


204 


I 


Section- 159.— STANDARD SHEDS AND HUTS 
1 \\l sienificant demands for covered accommodation can met 


adequately by the standard types of army sheds and huts, which are 
■tabulated in Table XVI below.: — 

Table XVI.— Standard types of but 


Name of 
Type 

■ ! 

Form j 

1 

■ ] 

Span 

ft. 

Normal 

length 

Area 
sg. ft. 

General 

■ 

High Marston 

Ver'tical j 
sides 

1 

45 

. 

200 ft. 

9,000 

One sliding door each end 
and one in each side. 
Crane gantry, 10 or 20 
tons. 

Low ]^Iarston 

Vertical 

sides 

45 

200 ft. 

9,000 

Doors as above. 

No gantry. 

Romney 

Semi- 

circular 

35 

96 ft. 

3,360 

One sliding door at each 
end. 

24 dead lights and four 
ventilators. 

Senii-Romnev 

I Semi- ' 
circular 

35 

96 ft. 

3,360 

Without gables. 
Canvas-covered. 

Nissen ■ 

' Semi- 
, circular 

|',24 . 

66 ft. 5| ins. 

1,597 

10 dormer windows. 

Nissen 

1 ■ Semi- 
! circular 

16 

36 ft. 3 ins. 

580 

Four dormer windows. 

Xissen 

i 

Semi- 

circular 

1 i 

16 

36 ft. 3 ins. 

580 

1 • 

End windows only. 


Type 

' standard 
Length 

Width 

ft 

Area 
sq. ft. 

1 

Height of : 
emtrance 

ft. 

Lorry 

Loads 

S~ton 

Supply 

responsi- 

bility 

Merton 

40 

I 

47-18 

1,300 

17 ! 

1 (with 
trailer) 

R.A.F. 

Bessoneau 

. 78 

1 

65 

5,070 

17 

3 (with 

long 

trailers) 

R.A.F.or 

Army 

Over-blister ; 

45 

86 

3,870 

19 1 

. 10 

R.A.F. 

BeHmanand T.ll 

175 

95 

’ 16,625 

17 or 25 ! 

67 

R.A.F. 


240 

114 

27,360 

25| 

134 

R.A.F. 










2. When these sheds or huts are available, provision of cover will be 
rapid, but there remains the heavier task of drainage, concrete flooring, 
construction of hardstandings and access tracks for aircraft and M.T., 
apart from the internal equipment of sheds. 

Floors and all-weather surfacing for one base repair unit may approxi- 
mate 150,000 square yards. 


Section 160.— HANGARS 

1. Five standard types of prefabricated hangars are in common service 
although it is probable that only three types will be used in any one 
theatre. These types are shown in Table XVII below : — 

Table XVH. — Standard types of hangar 


205 


u 


2. Erection of hangars in operational areas is an army responsibility 
It may also be necessary to build new hangars, using local trusses and 
masonry, when standard typses are short, or for economy of transport. 
Enemy hangars are commonly too badly damaged to allow profitable 
reconstruction, though useful as sheltered hardstandings. In Italian 
hangars, asbestos sheeting is much used and this shatters easily. 

3. Merton.— This hangar is constructed of tubular steel framework, 
in sections joined by flange plates and bolts, and covered with canvas. 
The floor is 47 feet -wide at the entrance by 40 feet long, but a space 
of 100 feet by 93 feet is required if the whole of the camouflage sections 
are attached. 

The entrance of the hangar is closed by two canvas curtains, operated 
by winch and cable. An engine-changing hoist, with a 30-cwt. pulley 
block and tackle is provided. The hangar frame is secured to the 
ground by pickets. 


4. Bessoneau. — ^This is a timber-framed portable hangar, clad with 
waterproof canvas. The trusses are built up of short lengths of timber, 
spaced at 13 feet centres and carried on timber-frame buttress pillars. 
All members are bolted and plated. The hangar entrance is covered 
by canvas curtains, fixed to rollers, sliding on steel track. See Plate 67. 


5. Over-blister. — This easily transportable and quickly erected 
hangar is comprised of light steel-frame sections, arched, clad with 
C.G.I. Ground levelling can be comparatively rough. Height to crown 
of the arch is approximately 20 feet and the span between uprights 
65 feet. The total weight is 15 tons and the heaviest piece under 200 lb. 
An experienced squad of 10 men can erect in five days. A floor of 
! 100 feet long has to be cleared if domed canvas curtaias are fitted 

at both ends. (See Plate 67). 


6. Bellman and T.l. — ^This important type, of useful dimensions, 
can be loaded into rail wagons or three-ton lorries with minimum loading 
facilities. It is of all-steel welded construction, covered with C.G.I. 
Doors can be either of a steel-framed pattern of unit construction or of 
heavy canvas, with tubular steel stiffeners. (See Plate 68.) 

7. T,2 type hangar is of similar construction to the Bellman, but is of 
greater width and height to serve heavy bombers. It is good practice 
to increase the floor area and serviceability of Bellman and T.2 type 
hangars by constructing lean-to buildings along either side, the bottom 
courses of sheeting being omitted to provide open connection. These 
bays are useful for subsidiary purposes, for housing shelves, work 
benches, racking and minor equipment. Concreting or cement 
stabilization of floors is better than a specification involving bitumen. 

8. Nose hangars ”, to give shelter for work on aircraft engines, arc 
of two" broad types : — 

(a) Substantial structures to give cover for working simultaneously 
on four bomber engines. 

(5) Light portable nose hangars to be used for a single engine. 

Shelter for work on engines is commonly provided in operational 
theatres by improvised methods, to suit local climate and resources. 
Adequate hardstandings are of first importance. 
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9. American types ' of ■ portable hangar.— Four types .call for 
reference 

(a) Butler This '■ type, large enough for, Two, or three 

bombers, has been widely used by the U.S. Air Force. It 
comprises a three-hinged steel frame arch, with a suspended 
canvas cover. Central height 35 feet, width at ground ley el 
130 feet, and normally 160 feet in length. The total weight 
is 54 tons. Design is strong enough to withstand pressure of 
earth revetment up to 10 feet in height along the sides, for 
blast protection. {See Plate 69.) 


A new type of Butler hangar has been produced, with C.G.I. roof and 
canvas ends only. Lighter members are employed and the arches 
cannot be used for suspending tackle to carry a load in excess of 500 lb. 

Additional clearance, vertical and horizontal, is sometimes provided 
by erection upon buttress-type concrete footings. 


(b) ArmcO’Steelox 2-hinged lattice web steel arch covered with 

steel roof sheets, 150 feet wide at ground level and 37 feet 
maximum height. Weight, 60 tons for length of 160 feet. 

(c) Dorsi airplane tent'* — K canvas tent carried by wire rope 

and steel pipe poles. Width, 120 feet. Weight, 5-3 tons 
for length of 92| feet. 

(d) Liiria “ caienary tent ." — ^A canvas tent supported by wire rope 

and collapsible metal poles. Width, 130 feet. Weight, 
22 tons for length of 160 feet. 


Section 161.— PENS 

1. Some thousands of aircraft pens have been constructed in 
operational areas abroad, by the enemy and ourselves, with remarkable 
diversity of type, grouping, size, numbers and method of construction. 
Protection of aircraft and personnel is the primary aim, but pen walls 
also sep'e a useful purpose by providing shelter around hardstandings 
for maintenance work. Pens may be improved by building a cantilever 


2. The demand for pens varies directly with the danger of enemy 
bombing and the limitations of dispersal. A policy of intensive pen 
construction will be adopted only in such circumstances as prevailed 
during 194^3 in Malta, with its restricted dispersal, repeated attacks 
from the air, congestion of aircraft, and good natural resour^^es for 
construction in stone. 


3. Different types of pen are as follows : — 

{a) Surface pens, with standings at ground level (normal type for 
bombers and fighters). Sometimes splinter-proof covered 
(fighters). {See Plates 73 and 74.) 
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(b) Semi-smfen pens, wth standings a few feet below ground- 

(&?Pfa?e 770 ^ ® bombers ) 

(c) Sunken pens, ^vith aircraft whollv below ground- eithrr 

camouflaged or splinter-proof covered. (FighteSnly.] 

L .Typical dimensions are': — ' 


Type of Aircraft 

Width. 

Feet 

■ Depth. 1 Height, 
Feet 1 , Peet 

Fighters (2) or light bombers (1) I 
Medium bombers ... ! 

Heavy bombers ... j 

90 

104 

130 

60 1 10-12 

85 1 12-14 

85 ! 14-16 


1 sunken fighter pens is 

1 in 10 , and for senii-sunken bomber pens, 1 in 30. 

. o. Sandbag walling will be found to be the simplest and ouickesr 


Fighters 

Medium bombers 


Soh'd 

walling 

17.500 

30,000 


Wails filled 
with rubble 

13.000 

20.000 


• For more durable _ work, use of sandbags filled with cement- 
stabilized or biturnenized sandy-soil is good practice. Examples of 
sandbag pens are given in Plates 79 and 80. ^ 

use is made of old oil-drums, petrol tins 
C.G.I. with any type of revetting poles, stone-walling, mud bricks etc 
according to resources. • uu uucks, ere., 

7. Under static conditions, earth-traversed masonrv walls are 

satisfactory type, but comprise big tasks and are 
justified. Quantities involved in a single heavy bomber pen 
include 200 cubic yards in excavation and concrete foundations 
600 cubic yards m masonry, and 2,000 cubic yards in earthwork. The 
nardstanding requires 1,250 square yards of paving. 

8. Pens with splinter-proof cover in reinforced concrete have been 
commonly built, on surface or sunk, to provide full or partial protection 
for fighter aircraft. 

Sunken pens are most suitable for accommodating fighters assembled 
m readmess near the runway, when enemy activity justified special 
precautions to protect non-dispersed aircraft. This type has been 
construtted usually with splinter-proof protection, but also with 
camouflage cover only. 

All these types have been built in considerable numbers and some 
depart from the accepted practice. Double pens should open in 
different directions, unless given additional blast-wall protection, and 
no triple pens should be constructed. 

In countries where strong winds are prevalent, aircraft are secured 
by picketing blocks, built into the hardstandings. 







69.— U,S. BUTLER HANGAR- 




Plate 70.— SMALL HANGAR FROM SALVAGED MATERIALS. TRIPOLI 



-WORKSHOP OF R.A.F. REPAIR AND S|^VAGE UNIT USED IN MOBILE OPERATIONS 
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LATTICE-GIRDER FRAME HANGAR. SODTHERN PACll'lC 
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Plate 75.— CONCRETE FIGHTER PEN UNDER CONSTRUCTION 





Plate 76. — ]VL\SONRY FIGHTER PEN. MALTA 





Plate 81. —K.A.F. TECHNICAL VEHICLE— HASTY 
PKOTECTION 


10. Totally enclosed pens. — In areas of intense enemy bombard- 
ment, frontal protection of fighter aircraft in pens has often been 
provided by an encircling wing wall. 

The Japanese in the Pacific have adopted a scheme using trucks 
vrhich axe run on metal rail tracks laid across the pen opening, like 
hangar doors. 

The trucks are built up and filled with sand and run back and forth as 
required, giving full lateral protection. There are risks of aircraft 
being temporarily imprisoned, upon damage to tracks or trucks, but 
the chances are that bomb fragments afiecting these movable revet- 
ments would have otherwise damaged the aircraft. 


Section 162.— OPERATIONAL TRAINING UNITS 

L Although training units are located at a distance from any active 
area of oprations, where little enemy interference is to be expected, 
construction of airfields and buildings is sometimes a sapper task.' 
A broad study of their special features is educational from the stand- 
point of Air Force technical requirements and activities in general. 

These units train crews, with piBvious flying experience, in 
OprariontI practice with aJI t3?pes of aircraft. 


^ :22ll ■ 

9. Technical veMcles.— Under certain conditions, the construction 

of 'sand-bag pens, for R.A.F. technical vehicles {on ground level or 
semi-sunk), is given priority over the protection of aircraft. (See 
Plate 81.) 
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2 . O.TX's. may be broadly grouped' a, s follows ■ ■ 

(a) Figliter,. 

(b) Fighter recce, and arm}" co-operative. 

{c) Light bomber. 

(d} Medium bomber and heavy bomber. 

( 5 ) General reconnaissance. 

These groups are again divided into types of aircraft, of whicli. one . or 
two will be used at a si,ngle station. 

3. The buildings required will be largely of a specialist nature, for 

which deta.iled working drawings will be provided by coiniiiands. 
Improvisation with existing buildings rarely allows adequate standards 
to be attained, ' ' 

The whole layout must be dominated by demands for efficiency of 
procedure and for econom,y 'of time. .Wide dispersal is undesirable. 
A diagrammatic layout of ■ an operatio.iial training unit is shown in 
Plate 82. 

If squares or rectangular areas are not practicable, at least two 
runways must be constructed, with . taxi-tracks laid out to e.n:sure 
rapid circulation. 

Each airfield will need an auxiliaiy field with considerable facilities 
^ ^ varying with local conditions. 

4. Provision must be made for the efficient inter-relationship 
between flight- ways and the following areas : — 

(a) Ground training. 

(b) Flying training flight. 

(c) Maintenance and servicing. 

(d) Station administration buildings. 

(e) Domestic camp. 

■ 5. Ground training area.-— This section, under the chief ground' 
instructor is divided into five training sub-stations, directed by senior 
■ instructors, as follows ' 

(a) Navigation. 

(b) Signals. 

(c) Armament. 

(d) Photographic. 

(e) Intelligence. 

All theoretical and synthetic instruction is given in this area, which 
should be sited away from the noisier sections of the airfield. 

6. Flight area. — The correct siting and ample design of the control 
tower building, from which the chief flying instructor watches his 
pupils in action, are of first importance. Flight offices, the air-crew' 
rest room, and briefing room will be in close proximity. 

7. Maintenance and servicing areas, — ^Maintenance provision 
must be liberal, for total flying hours are heavy. Minor inspections 
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and repairs are carried out In the .ser\'icing area and majors ’' are 
passed to the maintenance wing, provided with, hangars, workshops,, 
stores .and offices. ■ . , 


,, 8,. Technica! demands.— The most important' and common 
technical demands are briefly enumerated below : — 

(a) H.tmt range or recognition ■ trainer,' — ^Used for training in 
estimation of the distance of a moving target. A feature 
of construction is a large travelling mirror, by means of 
which small suspended model aircraft are made to appear 
■ approaching or receding from the pupils, 

{h) Air Ministry bomber trainer.— “For the training of bomber crews 
under operational conditions. Target scenes are projected 
on to the door, 10 feet above which, the bomb-aimer lies on a 
small platform where all Instruments- are fitted. , 

. (c) Harwell iraimr. — K hut .fitted . up with a nurober of cubicles; 
re-presenti.ng sections ’ of ■ an aircraft, for the training of 
wireless operators. 

:{d) Link trainer,— Vox synthetic Hiring training. , Pupils are 
instructed in the use of beam app^roach, fi.yi.n.g by ground 
based R.T., etc. ; equipment i.s extremely delicate and needs 
good housing, 

(e) Tactical floor. — ^The floor is a model sea-scape on which are 

placed miniature harbours, ships, lighthouses, etc., for 
training in navigation, wireless “ ops.*' and ship recognition. 
Cubicles are ranged at each end of the floor to represent the 
interior of aircraft. Crews work therefrom, directed by 
W.T. from a control room beljind the cubicles. 

{/) Dead reckoning instructor. — For training in dead reckoning 
navigation. , 

(g) Navigation and astrodome building. — ^This has a domed roof 
■ ' representing the sky — stars and .constellations being shown 

at will by small electric bulbs. 

(h) Airmanship hall or crew procedure centre. — For housing in- 

structional fuselages, used for training crews in all drills. 
All the services— hydraulic, electrical and pneumatic — work 
normally. Parachute and dinghy drills are also carried out. 

(f) Ranges 

(i) Dummy bomb range, for use of light practice bombs, not 

more than 10 miles from airfield. 

(ii) Live bomb range, about 10 miles from airfield. Danger 

zone radius, 2,000 yards. 

(iii) Air-to-ground range may be incorporated with a turret- 

training range. Target area is in form of equilateral 
triangle, with sides of approximat*.. ly 6,000 yards. 

(iv) Air-to-air firing range, for firing at towed targets. 

The above represents a typical selection of O.T.U. constructional 
requirements, but is not comprehensive. 



* In the layout and design of these baildiiigs, prov 
systematic circulation of parachutes, the sequence 

fa) Reception and rough inspection. 

(b) Repairs if necessary.' ' 

(c) Hanging and drydng. 

(d) Packing. 

{e} Storage on racks. 

(/) ■Issues. 


Hanging capacity must be adequate to allow, the given number ■of 
parachutes to hang for at least a day per month and the table area is 

based on an estimate of 1 hour's, work per .. month on each.. 


2. Big installations are commonly designed for special roles and do 
not conform to standards. A typical small unit would house one 
table, hangers for 18 and storage for 150 parachutes. Adaptation of 
existing buildings is sometimes practicable in emergency, but table 
construction, and temperature, light and ventilation control call for 
meticulous care. No risks can be accepted. 


3. Certain general standards apply to all buildings : — 

[a) Suspending pulleys, 20 feet up, to give ample room for handling. 
Cords are laid on the floor, which is linoleum-covered. 

{b} Hooks 2 feet apart. . (18 inches minimum.) 

(c) Dust and sunshine to be excluded as completely as possible. 

(i) Good ventilation and even temperature (minimum 65 degs. F.) 
-are important.- 

{e) Electric lighting is essential, daylight bulbs " being pre- 
ferable to reduce glare. Points are wanted for electric irons 
on packing tables. 

If) In some countries, paraffin traps have to be installed to keep 
crawling insects away from storage racks. 

(g) Metal fittings coming in contact with parachutes must be 
rustless.” 

{h) Packing tables, 40 feet to 45 feet by 3 feet 6. inches and 
2 feet 6 inches high, must have a smooth top, without any 
sharp edges liable to damage the parachute fabric. Surfacing 
materials recommended are linoleum or aircraft fabric, 
treated with dope. 

Alternatively, a masonite or a * terazzo ” polished surface 
■ \ can be used. With linoleum, care must be exercised to avoid 

cracks. 


cafte%to»Y 
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, ' ,GHAPTEr' 22 

PETROL .installations ON' AIRFIELPS 

Section 164,^GENERAL 

1. The construction of bulk petroleum installations in major 
: theatres of war, involving he&vy work on stora..ge sites near ports or 
'. beaches and piping systems to advanced distribution centres, is the 
: ' responsibilit}" of R.E. units under the-. Director' of 'Works. Practice 
^ and principies will be found in the current 'engineer publication, 
“ Construction of Petroleum Installations in the- Field.'’'' 

: 2. Engineers serving the Air Force must be fully e:xperi,eiiced in the 
storage, protection and distribution of a\i.ation spirit upon, and in the 
vicinity of, airfields. The maintenance- of a large constant supply is a 
vital operation, in which R.E.. services, play an increasingly important 
part as the scope of drum storage and distribution become more 
: . limited. 

■ .. In lesser theatres of war, the provision o-f means for the deli\'er)" of 
;. aviation spirit from port or railhead to static airfields will often he 
.solely the responsibility of the engineers engaged in airfield con- 
struction. 

Section 165.— .STORAGE ■ 

1. Normally, provision is made for a week’s supply of aviation 
spirit. As a guide, the following quantities were held immediately 
available, during a recent desert campaign : — 

Per squadron, minimum : — 

Fighter, 10,000 gallons. Medium bomber, 25,000 gallons. 

Light bomber, 20,000 gallons. Heavy bomber, 45,000 gallons. 

In certain contingencies, a group of bomber airfields may require 

100.000 gallons per day. 

2. Initial storage, upon advanced landing grounds, will nearly 
always be in drums. Containers, usually 40>gallon drums, are 
distributed in well-dispersed and easily serv^ed dumps of about 

5.000 gallons capacity. Blast protection and camouflage are commonly 
required, if static conditions arise. The demand for hardstandings and 

' all-weather tracks will, .be governed by soil, climatic, and tactical 
conditions. In open reserve dumps, provision should be made for 
standing upright drums at an angle to keep rain-water, collecting on 
the top, clear of the bung hole. Dumps must be sited at a safe 
distance from standing aircraft, 

American forces sometimes use collapsible 700-gaIlon synthetic rubber 
tanks, in plywood housing, in addition to 55-gallon (U.S.) drums. 

At the earliest opportunity, barrel dumps are replaced by tank or 
“ cistern ” distributing points. 


3. The storage tanks available may be any or all of the following : — 


Type 

Tons 

Capacity 

Imperial gallons 

Fittings 

Welded 

26 


8,000 

20 fix 9 ft. 

Welded 

40 


12,000 

30 ft. X 9 ft. 




4-iii. inlet and outlet 

Bolted 

30 to 90 



Five sizM — 4-in. inlet 




and outlet 

Bolted 

120 to 1,200 


36,000 to 360.000 

Four sizes — 4-in. inlet 

asttBoa 


6-in. outlet 



4. Installations on. isolated airfields where petrol can onlj^ be delivered 
in drums are u.snalH’ 'equipped, for barrel decanting, as illustrated in 
Plate 87. The tank. is equipped witii a decanting trough connected 
tiirorgh valve and filter, and is sunk into a pit, the spoil from whicli 
sen-es to ma.ke a ramp to the level of the decanting trough. A platform 
at the top of the ramp is. made to accommodate up to 36 full drums. 
The weight of barrels on decanting is taken by the platform which is 
strengthened by raiis, sleepers "or concrete beams. 


S:eci:ion 166.---RAIL- TANKER DISCHARGE POINTS 

1, An existing siding is taken over, or a new one constructed about 
250 yards long, to provide for discharging from 20 rail-tankers. The 
siding should be preferably on an embankment or running along the 
side of a slope to facilitate gravity discharge into storage tanks. The 
discharge header is placed 4 feet from the rail and parallel to it. (See 
'Plate 88.) . 

2. A typical header for 60,000 gallons storage will be 8 inches in 
diameter and have 20 branch connections for rail tankers, with a 
stop valve in each branch. Storage tanks with their tops at the same 
level will be sited to permit gravity flow, which may involve sinking 
them or cutting benches on the side of a slope. 

*3. A good fall to the site of the storage without undulations is 
desirable. Tee connections and valves will be fitted at the lowest point 
for water drainage. 

4. For road tankers and pipe-fed installations, no filling header is 
required." ’ 


Section 187.— DRAW-OFF ARRANGEMENTS 

1. At any main bulk-petrol installation, or a subsidiary fed from it by 
pipe-line, draw-oif arrangements will be provided for : — 

(a) bowser suction, 

(h) bowser filling from a gantry, or 
(c) barrel filling. 

2. If tanks are inter-connected at low level one suction pipe is 
provided for bowser suction ; otherwise a separate pipe is connected 
to each tank. 

3. For Iwwser filling by gravity, the discharge header takes the form 

of an overhead gantry to allow the bowsers to stand beneath for filling 
with 2J-inch hose, (See Plate 88.) ^ 

4. For ba^ei filling the layout is like a bowser-filling gantry in 
mimature The piping is erected over a platform which is at the correct 
height for lorry loading. 

dust-free tracks are required for the service 
oi ail fliiing points as early as possible. 
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Plate 86.— PETROL FILLING STATION FOR DRUMS 
AND BOWSERS ON DESERT AIRFIELD 



' ' section ft- 5 

Plate 87.— PETROL STORAGE ON SMALL STATIC AIRFIELD— 26-TON TANK 




■=>5iz 


t «tui: 



internally. 

.Oalyani^ed pipe-w<^k mnst not be used for leaded petrol. 
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sEciioN 168.— DISTRIBUTION OF PETROL ON 
AIRFIELDS 

Distribution on military airfields is usually by bowsers, but at staging 

and important static aerodromes it be . necessary to provide 
for rapid filling of . aircraft . direct thron,gli, connections /from stanci- 
pipes on hardstandings- or assembly .areas. 

This may involve pipe-line distribution. The line should be Jaid in a , 
shallow trench, not back-filled. At road crossings the pipe should be 
preferably run under a culvert. not trenched, pipe lines must be 

securely anchored at suitable inter\^als to prevent changes of alignment 
liable to cause slight leakage. 


Section 169-.---TECHNICAL CON'SIBEBATIONS::; 

The design and layout of petrol installations are governed by the ^ " 
following considerations 

{a} F'etrol has a specific gravity of 0;73. Its vapour pressure at 
normal temperatures is much higher than that of water. 

(b) Petrol attacks non-synthetic robber and certain other jointing 
: materials. ■■ 

(r) The maximum suction lift at 110 degrees F. is 20 feet, and as^ > 
the temperature increases this distance decreases rapidly to ‘ 
zero at 140 degrees F, Below 60 degrees F. the lift is greater 
than it is for -water. 

(d) If a pipe line rises above the hydraulic gradient, vapour locks 
will inevitably occur. 

(tf) It is dangerous to fill completely with petrol any container or 
pipe liable to considerable variation of temperature, unless 
some safety valve or plug is introduced. 

(/) Fill pipes to be taken from bottom of the tanks^to prevent 
cascading. Suction pipes to be not less than 6 inches from 
bottom of tanks to avoid entry of water. 

(g) Joints in pipes should be as few as possible to minimize the 

incidence of leaks. 

(h) Screwed joints, fianged jointe with specially treated joint-rings, 

and victaulic joints are divergently used. 


\h 


Tanks upon erection will be separately tested by air pressure 
at not more than 5 lb. per square inch, or by merely filling 
with water. Under an air test, exploration of seams Md joints 
with soap solution will readily indicate leaks. Piping will 
be' tested at a-pr^ure of^ !b., per,, square inch, , preferably ,,„by.,,.,^ 


(k) Ground drainage should be provided to ensure against the 
accuinulation of petrol bj leakage, and against flow from tanks 
to aircraft standings or any other vulnerable point #1 case of 
fire or bomb damage. Petrol interceptors should be fitted in 
drainage systems adjacent to filling or off-loading pomts and 
tank areas. . 

{!) In general, pumps will be driven by I.C, engines or electric 
motors. Fire risks are reduced by installing the engine and 
pump in separate chambers, the driving shafts passing 
through a hole in a fire-wall which is packed with fire resisting 
material. No electric switches will be placed in the pump 
room, and ventilation must be good. All electric fittings should 
, be flame-proof. 

(m) Leaks in tanks may be corrected by tightening the bolts or 

by caulking, , 

(n) In the siting of filling points near an airfield, less consideration 

generally need be given to camouflage than in the case of 
M.T. petrol installations, around which heavy concentrations 
of transport will sometimes give valuable information to the 
enemy. But the possibilities of successful camouflage and 
concealment must always be fully explored for development 
as .circumstances demand., . ■ . . 

( 0 ) Fire risks must be constantly kept in mind in siting and 
disposition. It may be necessary to build bund walls, capable 
of containing the total capacity of the tanks served, 

(p) Normal speed of filling into road vehicles to be 100-150 gallons 
per minute ; aircraft 30-40 gallons per minute per nozzle. 

CHAPTER 23 

CAMOUFLAGE AND DUMMY AIRFIELDS 
Section 170,— GENERAL 

1. Concealment and camouflage upon airfields are of comparatively 
little importance to the force with air supremacy, but there are few 
phases in war when their possibilities can be safely ignored, and never 
should they be forgotten. The difficulties of successful achievement 
have constantly increased with the improvement of air photography 
and refined stereoscopic methods of interpretation. Opportunities of 
deceiving or frustrating a raiding bomber dependent upon direct visual 
observation for spotting an important target will always remain. A 
sound knowledge of camoufi^e principles and practice is a fundamental 
part of the training of airfield engineers, in readiness for special demands 
upon their services, no less than in qualifying them to assist in the 
interpretation of air photographs covering enemy airfields and ancillary 
installations. 

2. The fundamental success of airfield camouflage Hes^in the avail- 
ability and selection of sites which favour natural concealment, present- 
ing a variegated pattern, and which, allaw sufficient dispersal to make 
the' introduction of artificial methods -of dkgulse or concealmept worth 
while. The skilful concealment of a German runway by assimilation 
with adj^acent ground patterns is illustrated in the air photograph at 




, Section 17 j ,~CA.MO'UFLAGE METHODS AND 
7 MATERIALS ■ 

1. The treatment of buildings follows established practice. Aircraft 
pens casting deep and regular shadows- call. f or ^ urgent attention amongst 
technical structures, Omng to the conspicuousness of tracks leading 
to pens and hangars, direct results are commonly inadequate to justify 
any diversion of effort from other ser^dces, except where trees and other 
gro^vths provide a natural basis for confusion of picture. 

2. The camouflaging of artificial' runways, ■whether paved or of 

prefabricated presents a heavy, task, and only in exceptional 

circumstances is the effort justified to any advanced degree. The two 
objectives are to reduce the contrast in colour and texture between the 
runway surface and surrounding terrain, and to remox^e the “ shine 
of. a. paved area due to water, or smooth surfacing. 

(a) The conspicuousness of steel m.ats. is reduced by the earliest 
possible cultivation of -grass and weeds. ' 

, (b) - For other runways, especially where colo-uri.ng is to be applied,., 
paved surfaces must ordinarily have a texture coat applied 
during con.struction .or by special treatment subsequently. 
The usual method is to give the surface an adhesive coat of 
bitumen or tar, “ blinding it wdtli some non-reflecting 
substance , such as cinders, sawdust or small wood 

chippings. 

To ensure adhesion of the seal and texturing material to concrete or 
old bituminous runways the surface should be cleaned by brooming 
and then primed, while dry, with a cut-back at 0*1 gallon per square 
yard. For sealing, bitumen should be applied hot at a suitable rate — 
up to 0*3 gallon per square yard for coarse texturing. 

Texturing material should be applied immediately after the seal. 
Hammer-mill chips have been used successfully on airfields in Britain, 
and for this purpose a portable machine has been developed for cutting 
up local timber. The chips can be given any suitable colour. With 
spray painting, a gallon of paint will cover 24 square yards of wood 
chips. 

Stone chippings, of various colours, are sometimes used, but are less 
satisfactory, being liable to work loose and become a source of damage 
to aircraft t5rres and propellers. 

3. Special camouflage paints and coloured bituminous emulsions have 
been widely used for reducing contrasts or for producing camouflage 
patterns. 

A paint known as ** camcolour ** was developed for airfield work in 
the Middle East in a wide range of colours. The material is moderately 
successful in a dry climate. It is composed of slaked 7ime, coloured 
earths, and limestone filler, ground together to a paint fineness, with an 
addition of common salt. Yellow, red, black or green pigments are 
intermixed in percentages from 15 to 50 per cent. 
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' ' .ASSISTED TAKE-OFF .AND ARRESTER GEAR 

Section 173. —GENERAL ,■ 

Tlie proyisiO'ii of assisted take-off .and, arrester -gear devices upon 
•sbort. landing groii.nds would constitute a' major engiiieeri,ng problem 
unlikely to call for co,nsideration, without long planning and consultation 
be^veen the services .concerned. The adaptation of aircraft carrier 
principles .to land requirements, either .in amphibious operations or 
iiiou,ntain warfare, when landing sites only of %’ery restricted dimensions 
can be .found, is a question which has, however, frequently been raised 
for .discussion. The general principles should be understood. 


Section 174.— ENEMY METHODS 

1, The enemy is reported to have employed, methods of assisted, take- 
,off, but no reference to .Ms use of arresters has appeared. The applica- 
tion has been to loaded bombers needing, the extra, acceleration to clear 
obstructions at the end of a comparatively short runw^ay. Two systems 
have been employed— the winch and the rocket. 


^ 2. In the former case, the aircraft is pulled forward at great speed by 

means of a winch (in the line of take-off) equipped with about 300 yards 
of cable. The winch is cleared by the airborne aircraft, from which the 
^ ^rope becomes disengaged by its own weight. Controls include a small 

^ rear winch to hold the aircraft against the draw of the main rope while 
the engines are being run-up. 


Section 175.— AIRCRAFT CARRIER METHODS 

1. In the consideration of projects involving the use of carrier 
methods, it must be appreciated that only Fleet Air Arm or specially 
modified R.A.F. types of aircraft can be. served. A substantia! tonnage 
of special gear has to be imported and some heavy plant to be installed 
under conditions likely to be unfavourable. 


2 Details ' of the catapult engine, arresting engine, compressor- 
generator unit, metal deck and accessories, representing modified carrier 
practice, need not be given. A complete assembly weighs 250 tons, the 
heaviest item being the catapult engine of about 5J tons. Assuming 
good approaches, a landing strip of under 150 yards might be adequate 
for special aircraft. 

3. Alternately, rocket-assisted take-off gear' and drag-ctfain arresters 
would be available for aircraft fitted for such service. A wire rope 
crash-barrier might also be required, where over-run conditions prohibit 
the gradual deceleration of running aircraft. 


3. The surer method involves the fixing of two large pear-shaped 
rockets to the underside of each wing. By electric control the thrust 
can be made to last for 30 seconds, or can be prematurely cut out. 
After use, the rocket gear is detached and dropped by parachute at 
safety height. 



Section- 176.— practical 

1 In Ti-af tire the airfield construction engineer is more likely to be 
called 

site bv local improvisations. Suitable slopes be found to 
take-ufi run without risk of tjigng up SJh stS track! 

on a risTng^™^ to provide safe braking efect. '=^“^™®4sS;les 

built to save aircraft from certain destruction where serious obstacles , 

are irremovable. 

■ ,2. The problem, in general, inevitably 

snecilic aircraft, of the length of ground required for take-off, as 

opposed to that required for landing. If ^ 

the fact that on taking off %vith mammum J o^L 

will be used, whereas upon landing m poor visibility , 

touch-down will often be at a considerable distance from the end of the 

runway; even when markers are conspicuous. In cases where 

help is" needed because of the shortness of the site available, it fo^ovs 

almost inevitably that approaches are not highly 

down precision. On the other hand, the take-off with full load is always 
the mme risky o'peration, whilst the landing of the lightermircraft on a 
shorHun can be robbed of much of its danger by heavy braking, by a 
sluggish runway surface, and a final crash-barrier or upwar s ope. 

3. The conclusion commonly arrived at in varying circumstances is 
that taking-off demands the longer run, and that the introduction 
of tp.kft-off s-ear does not mean that the installation of arresters 


CHAPTER 25 

DESTRUCTION AND REPAIR OF AIRFIELDS 

GENERAL 


Section 177, 

1. Airfield engineers should have a sound knowledge of these 
activities. In the earlier phases of a war they may be called upon to 
consider or put into effect various schemes of demolition and obstruction 
calculated to deny landing facilities upon our own airfields if captured 
by the enemy. In the latter phases a thorough knowledge of principles 
and practice is essential for officers upon reconnaissance and fo^hose 
responsible for planning the rehabilitation of evacuated enemy airfields. 

2. In all cases the aim will be to make the task of repair or new^ 
construction as costly in time, men and material as possible ; particu- 
larly in time, so that occupation by the incoming air force will be long 

Extensive schemes of airfield demolition have rarely been applied. 
They may be justified by probable results when contributory difficulties 
are likely to arise from coincident heavy rainfall or from a high water 
table, making the restoration of a strong surface course an abnormally 
difficult task. 

3. Upon hasty withdrawal there is little time between the departure 
of the defending air force and the approach of enemy ground troops 
for extensive demolitions. Those prepared are often indifferently 



Upon a deiiberate retirement it is generally desirable to conceal 
intentioas as late as possible. Obstmctions 'and; .preparations upon 
runways which can be readily detected from air photographs are thus 
discouraged. 
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Section 179.— REPAIR OF AIRFIELDS 
1. Ground and air, reconnaissance show whether if ^vnnia 

ISSot'S™“'d”’"PT”‘*®^ 

tho .Mold i„ .ntfeVtion of?»,mrb!rmbi5^^ '" 

,3. Craters may be .filled by standard methods : 

(a) Remove all water by pumping. 

(d) R^^niove all debris and disturbed soil. 

(c) Fill with granular material such as clinker, hardcore or 

m^layers not greater than 1 foot, thoroughly tamping each 

(<^) Apply new surface material as required. ■ 

es^Sy ^ftetheErst liaty r^^^ periodically for settlement. 
the^S£E?I ^ “"tre airfield 

taxi-ing surfaces must be 

meats from bombs, and ** crows feet 



■CHAPTER 26. : : 

ange of airfields 

aN 180 .-— GENERAL 

rfields require obviously more frequent and 
permanent types of aerodrome. A small 
^ers will be necessary to can^r out repairs 
"icated mats, etc., and for the maintenance 
and stock piles, and for dust alleviation, 
weeds is also a demand upon occasion. 

cc will need to be especially thorougli 
Each defect must be examined with a 
■al of the cause, if possible. 

-DRAINAGE 

weeds, and silt must be removed from 
must be corrected. Clean-outs 

:_:g. Defects in the drainage 

Results of over-run by aircraft 


to drains, runw^ays, preiao] 
of markers, beacons, lines 
etc. Clearance of snow or 

2, Inspection and maintenance w 
after heavy rains and thaws. L — 

view to the determination and remov 

Section 181 

All accumulations of debris, ^ 
drains. Erosion damage to ditches 
and junction boxes require periodic cleaning^ 
system must be corrected promptly. Result 
need close attention. 

Section 182.-RUNWAYS OR 1 

1 . Soft and yielding spots must be correcte 
weak sub-grade, the defective soil is removec 
granular material well compacted. In the ca 
drainage or water-proofing may have to be 

2. Surface courses 

(a) Untreated and unprimed stabilized soil surfaces require con- 

tinuous maintenance, such as light ^anfymg or Wading, 
followed by sprinkling and rolling. Surface ravelling and 
ruts may be patched with stabilized soil mixture. ^ 

(b) Bituminous surfaces require frequent treatment, especially at 

the ends of runways and on taxi-tracks and turning points. 
Surface abrasion and wear may be corrected by bituminous 

retreatment. . ^ -xi, i ^ 4 - 

(ci Toints and cracks in concrete slabs are repaired with a hot 
asphalt or tar seal. On permanent airfields complete main- 
tenance of joints should be carried out once in the spring and 
again in the early autumn. Depressed and broken slabs, due 
to ordinary foundation settlement, may be resurfaced with 
bituminous prenGiix to bring the runway surface up to grade. 
Broken slabs due to major foundation defects are replaced. 


(c! Small local subsidences due to'- nneqiiar earth compaction, and 
pot-holes due to rain, sometimes, occur under P.S.P. The 
track should be Jacked up to' the', .required level and the 
ground beneath packed . up .math gravel, clinker or other 
: material shovelled through the. holes in the plank. When it is 
necessary" to take up the mat in order to -lay a new base course 
' or place an underlay of coir, matting, the quickest method m 
to roll back the P.S.P. -Complete removal is a more effective 
method, but the planking will, generally he much more difficult 
to relat". ' 

Section 183.— TURF AIRFIELDS 

Kegiilar mowing is essential to preserv^e a dense turf with a matted 
root system. The grass should be kept dowm to a .height of 3-4 inches 
during the growing season. At the end of autumn grass should be left 
2-3 indies long. Avoid close mowing during long spells of dry weather. 
Rolling is carried out to compact loose soli around the roots. Normally, 
the action of aircraft does ail the rolling.,, and more, than is necessary. 
To increase turf aeration and porosity over large areas, special equip- 
ment may be used ; an ordinary^ digging fork will suffice over small 
patches. Fertilizers should only be applied under expert guidance. 
.Lime may improve tlie mechanical' as w^ell as the chemical condition 
of the soil. If a lime requirement exists., ground limestone may be 
applied -up to two tons per acre, at .alm,ost any , time, except to. very 
new grasses. 

Section 184.— SNOW AND ICE CLEARANCE 

1. This is normally the responsibility of the Air Force unit concerned. 
.Engineers may be required to render assistance, with. mechani.ca,i equip- 
ment. ' Snow may either be compacted by, rolling and dragging, or 
preferably cleared away by snow ploughs. Where , snow is compacted, - 
maintenance will aim to reduce the thickness so that when the thaw 
comes there will be no more tha.n 3 -i.nches on the runway. , 

2, Tee .coatings o.n runways and taxi- tracks are treated, with a 
sprinkling.- of sand. Accumulated sand on paved -runways and taxi- 
tracks is removed by power brooming in the spring. The use of salt 
(sodium chloride and calcium chloride) for ice control on airfields is 
effective but not generally recommended, owing to its deleterious 
effect on engine parts. 

Section 185.— WEED KILLING ON AIRFIELDS 

This will be best carried out before the construction of paved runways. 
Weeds grow through the cracks, which they tend to widen, and are very 
difficult’ to extenninate. The selection of the right type of weed- 
killer, suitable for diffierent plants, climates and soils, can only be 
decided by experiment. 

Known weed-killers are : — 

(a) Sodium arsenite compounds — 10 per cent, solution. About 

1 ton per 100,000 square yards. # 

(b) Sulphuric acid — 2 per cent, solution. 200 Kg for 10O,CN}O 

square yards. 

(c) Common salt — subject to experiment. Trials in the Middle 
* East suggested that three dressings were necessary. 
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CHAPTER 27 

runway lighting and night flying aids 

Section 186. — GENERAL 

1 Engineer officers have rarely been called upon to accept respon- 

aihiiitv for the lighting of airfields, in operational area®, The> must 
hibiaH lor tn. Uomi fe ^ should be acquainted 

SfpSito o! ■■ nigh, aying .id. " i. rdatc-d 

reeoBnaissance and report m. inu bitjxig 

^^”2 Reference will be made to common practice in a distant theatre of 
war, where heavy installations are rarely demanded or practicable. 

Section 187.— RUNWAY LIGHTING 

1 . Three systems of runway lighting are in vogue 
(a) Permanent electric flarepaths. 

(61 Portable electric flarepaths. 

(cj Non-electric and " Glim ” lamps. 

The standard length for flarepaths is usually 1,600 yards. 

2 For the installation of lights on a permanent station the most 
exacting stores item is cable-T.R.S. cable being preferred to lead- 
covered For funnel, obstruction, flarepath, taxi-ing lights, and 
STe pak indication, the demand on an average station may approm 
mate 40 000 vards run of 0-0225 square inch section cable, 12,000 yards ^ 
of 0-01 square inch, and 10,000 yards of 0-0007 square inch^ If an ^ 
outer circle of lights is provided a further 22,000 yards of -0-2s square 
inch section cable is required. 

3 . Individual lamp equipment, inferior because of labour i^olvec 
and ready location by intruders, comprises a vanety of types, a 

fomps.-Portable flarepath lights fitted with electric 
' lamps, operated by a 2-volt 20-hour accumulator These 
lights are not visible at a greater height than 1,000 feet in 
the vicinity of the airfield. The lamp bulb and reflector are 
so mounted that on uneven ground the mirror remains hon- 
xontal. A flarepath which is not wired up m the normal way 
and connected to a switchboard in the control tower is 
referred to as " non-electric Glim lamps are sometimes 
adapted by removing the normal lamp and mirror, installing 
an ordinar>^ electric bulb and fitting a plain glass dome on 
top They are then wired up as a portable electric flarepath. 
Gooseneck /am,— These flares give a strong light, apt to be 
reduced in a high wind. They have an endurance of 14 hours. 

It is usual to slip over the wick and spout, a rocket tube or a 
cylindrical metal can, for rapidly extinguishing these 
Money** flares. type of flare is very crude, comisting 
of a bucket of paraffin in which is placed a dome-shaped piece 
of asbestos held in a wire form which has a handle on the tm 
The bucket is fitted with a detachable lid. For lighting, the 
lidfis removed and a flame is applied to the asbestos dome. 
The resulting lighl; is stronger than that from a_" gooseneck. 
These flares are used in conditions of bad visibility. They are 
often improvised by using a loose piece of asbestos anci an 
oi^nary tuKteh - The bucket IM is used for rapidly extin- 





Section 188.— MIGHT FLYING' LIGHTS.. 

Night lying lights other than those o.n the aircraft comprise 

1. Aids to navigation 

(a) Aerial lighthouses, — These- are known as' “■CKCults-''. 'They 
are white beacons which give a hashing light with a one-IetteV 
characteristic. Essentially for navigation purposes, the co- 
ordinates of their pjsitions are in the possession of the pilot. 

(bf Landmark beacons. - — These, are red '-beacons,,- placed in the 
vicinity of airfields, which emit a flashing light with a two- 
letter characteristic, and are known as “pundits They are 
self contained and no engineer or works .services are iiecessart’. 

2. Night landing lights.— All the normal lighting aids placed on 
the airfield to help the pilot to land safely come under this head. 

(a) Obsiruciion lights are red and are used for marking obstnictions 

to aircraft in flight or on the ground. In certain circumstances 
they may be lioocled. They are not used for marking runway 
boundaries. 

(b) Fiarepaik . — ^Comriioiily single row of lights for non-electric 

types and double for electric installations. The double dare- 
path is the standard for |Xirmanent electric fiarepaths, enabling 
the pilot to get a perspective of tlie runway. With a single 
path,' the landing -and take-otf is made with the hares on the 
p:)rt-side of t,he ai:rcraft. For a typical layout- of a p>ortable 
electric liarepath {see Plate 93). 

fc) Totem ^ poles . — ^These form an indispensable part of airfield 
lighting. They consist of six Tights in the vertical pla.ne 
placed close - together, mounted on poles. They are used to 
indicate the e.xtent of the landing area, and may be battery or 
mains operated. Usually positioned 50 yards from the edge 
of the runway. . . - 


3; Floodlights. — ^The, mobile firxHilight is ordinarily 100 yards from 
the end of the runway and 25 yards to the -left when facing into the wind. 
The light is focused to illuminate the best point of -touchdowm. 

4. --Angle of approacti indicators. — ^These enable the pilot to 
control his angle of glide when coming in to land. They should be 
placed 75 yards upwind from the end of the runway, 6 yards outside 
the edge of the runway, and slightly toed in. If two are used the left- 
hand one is set at 4| degrec^s above horizontal, and the right at 
5| degrees. If only one is used it should be set at 4J degrees. 

5. Ground control lights.' — For taxi-tracks and marshalling points, 
blue and amber lights are used, blue nearest the centre of the airfield, 
amber on the outside edge of the airfield. Single lights are used to 
mark taxi-tracks, and equilateral triangles of lights, set vertically on 
posts 3 feet high, not nearer than 10 yards from the edge of taxi-tracks 
for marshalling areas. Guiding 'vehicles, when used to lead aircraft 
from the runways to dispersal areas, are equipped with “ STOP ** and 
“ GO lights of low power. 

6. Fimnei lights, — Ordinarily associated with any semi-permanent 
form of liarepath. Standard ty|X3 consists of two lights at 500 yards, 
four lights at 1,000 yards, and six lights at 1,500 yards from the down- 
wind end of runway. In practice a single pair of funnel lights 300 yards 
apart is normally used 1,200 yards down-wind of' flarepath.# The lights 
are 60- watt battery operated. 

As all esteblished lighting systems soon become known to the enemy, 
special changes will be made to meet any demands for secrecy or 
deception dictated by the tactical situation. 


248 



249 



ORGANIZATION AND DETAILS OF.'AIRFIELD DNITS 

The channels through which the air forces receive' engineer guiclance 
and transmit their demands for engineer services are' decided by the 
senior engineer officer in the area of operations .concerned, in consulta- 
tion with Air Force headquarters « Organization, bringing differently 
constituted units of Royal Engineers, of R.A.F. Airfield Construction 
Service and U.S. Aviation Engineers into effective relationship, is 
necessarily elastic. With airfield units,’ trained and equipped for all 
tasks, the chain of command can he modified speedily to meet changing 
circumstances. 

Technical control is exercised by the senior' engineers of British Army 
formations or of U.S. Army Air Forces, except- in 'the case of R.A.F. 
Airfield Construction Units, when control may be exercised either by 
the senior R.A.F. Airfield Construction Officer, or by the senior en- 
gineers of British Ann\^ formations as circumstances dictate. 

Chief engineers function through deputies or senior air .staff officers, 
who act as technical advisers and exercise such executive control 
as the situation may demand. 

Details of units orga'iiized and equipped for airfield and ancillary, 
engineer services are summarized below' : — 

N.B. — ne deiaiis given in par as. ^ 1-4 below are correct at ike time of 
going to press, and it is not proposed to publish continual amendments 
to this volume to keep them precisely up to date. They should serve 
as a useful guide until major changes occur. 


1. Airfield Gotistriiction Group,' R.E. 

(a) The establishment of an Airfield' Construction Group consists 
of:—' 

.C.R.E, ((Lieut. -Colonel) ^ ,' ... ^ 1 

Field Engineers . ^ ■ 3 

(Major, Captain and Subaltern, 'R.E.) 

Adjutant (Captain, R.'E.) ... ... ... : ... , . I 

Major (Pioneer Corps) .... . ... '. ... ' , I 

Medical Officer, R.A.M.C. . . . ■ ... .... 1 

Quartermaster (Pioneer Corps) . . . . ' ' ■ . .. ... ... 1 


Total officers 


Total other ranks with attached personnel ... 49 

Trades include 10 driver-o^rators and one driver-mechanic, 
C.R.E, Airfield Construction Group will normally have 
* under his command 

Road Construction Companies, R.E. ... 2 

Pioneer Corps Companies ... 2 

L.A.D.— Type B I 

Bomb Disposal Section or Party I 

Total strength : 36 officers and L04I ofiier ranks. 



' Transport 

Cars — 4-seater ... 

5-cwt. ■■ ■ ... 
Trucks, 15-cwt. G.S. 
Trucks, 15-cwt.. Office 
Trucks, 15-c\vt., Wireless 
■Lorries, 3-toii 
Trailers, water ^ ... 
Trailers, l-ton, G.S. . . . 
Motor cycles ... 


(h) 


Road Consirticiion Company 
Total strength— 8 officers, 206 other ranks 
H.Q., 2 officers (major and subaltern) and 38 other ranks, 
including attached personnel. 

Two platoons, each 2 officers (captain and subaltern) and 43 

other ranks. ■ ■ 1 ■ C 

Plant platoon, 2 officers (captain and subaltern) and 82 other 

ranks. 

Rank and file include : — 

Operators, excavator 


Drivers, road roller 
Engine fitters 
Engine hands, I.C. 

Driver-mechanics . 

Drivers of vehicles 
Blacksmiths, bricklayers, carpenters, concretors, 
masons, painters, plumbers and pipe-fitters, quarry- 
men, sheet-metal workers and welders 


Transport : — 

Cars, 4-seater 

■ Cars, 5-cwt ... . ■ ...■ 
Trucks, 15-cwt. G.S.... 
Trucks, 15-cwt., office 
Trucks, 15-cwt., water 
Tractors, medium 
Lorries, 3-ton, G.S. ... 
Ix)rries, 3-ton, tipping 


Mechanical Equipment : 


IV, 


11 , 


Tractors, crawler. Class 
angledozer and P.C.U. 
Tractors, crawler, Class 
angledozer and P.C.U. 
Scrapers, 8-yd. 

Graders, motor 
Graders, towed 

Rollers, 6-ton 

Rollers, sheepsfoot 
Excavators, iORB~|cu.yd 
Dragline jib, ropes and crane 

hooks 

Dragline buckets ... 
Trencher attachment , 


bitu- 


Lorries, 3-ton, machinery, 

R.E. “ X 

Trailers, 15-cwt., water 
Trailers, 18-ton, Carriemore ... 

Motor cycles 

Trailer, 10-cwT., 2-wheeled, 
machinery type P (welding) 
Trailer, 2-wheeied, mobile 
servicing 


Shovels and skimmers, each , 
Ditchers, plough type 
Rooters, light 
Mole plough . . . 

Road sprays, 250-gal. 

men 

Road sprays, 60-gal.,' 
emulsion 

Concrete mixer, 10/7 
Carts, watering, 300-gal., 
draw bar 

Compressors, trailer, 105 cu. ft. 
Dumpers, 2-yd. 


cold 
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2. U»S, Aviation Engineers 

Irt) Aristinn Etifinrcr Baitaiion : — *■ 

Total strength : 33 officers, 774 enlisted .men, 

Lieiit-colfuiel , ' ' 

Major ... ... 

C.a pt a I II s : i n c I u di.ri g inedical J ' 

Lieutenants 

The battalion is o,rgaiiized in H.Q. and H.Q. company, with 
three lettered companies and a medical' section, 'this is the 
usual field operating unit. Each company comprises H.Q. 
and three platuons, of strength 5 officers and” 178 enlisted men. 
Transport: 

Truck,. :2-|-ton, tippers, wiii.cli 37 


Car, O'Seater 
".rriick, J-toii" 
weapons 
’Truck, J-toii 
Truck, 

Tnick, 2|-ton- 


-recce, and 


1 

... 8 

... , ..... ... 16 

-radio and stores 2 
-stores ... 8 


Truck, 4~ton, tippers,' win'ch. 
Truck, 6-ton, with windi. 
'TrnGk, fuel tank ' ... 

Trailers, 8 and 15-ton 


.Mechanical Thpiifunent inc.liides 


Rooter, medium 
Crane, towed, 30 -ft. ... ' ■ 
Rotary tiller ... .... 
Trencher, vertical boom 
Concrete mixer 
.\sphalt distributor . . . 
Asphalt heater. . . 

Air compressors 
E.L. 'niiits, 3 and 5, K.V.A. 
Asphalt repair equipment 
Water supply equipment 


oilers, sheepsfoot, two drum 
i.ii line . . ... ... ... 3 

Rollers / rubber- tyred ... 

Rollers, |-ton, tandem 
Rollers, 1 0-ton, 3-whc*el 
Motor graders ... ... ... 8 

Towed grader 

I cu.yd. sh<.>vei, tractor- 

mounted 

Tractors with angledozers 
Tractors, rubber-tyred 
■Scrapers, 8-cu.ycL 

Plant required for a big task is drawn from regimental H,Q. 
and service companies, which act as pool^ and depots for 
additional equipment and specialized personnel. 

[b) Airborne miaiion baiialion 

'These units are organized, with light equipment, to perform 
the pioneer work of construction or repair of advanced airfields 
which are not accessible by overland movement of standard 
■equipment. Units are specially' trained to provide minimum 
A.L.G. facilities, and normally accompany an airborne or 
amphibious force. . 

Total strength : — 28 officers, ■! W.O; and ■501 enlisted. me.ri. 

The battalion is divided into battalion H.Q., H.Q. and 
service company and three operating companies. 

„■. Equipment includes tractors, with dozers ; trailers, rubber 
tyred ; towed graders ; scrapers ; rollers ; shovel loaders ; 
trailers; soil mixers; asphalt kettles.;: a; 

All plant is of ** development type/* siz 
limited by the capacity of transport 
available.,.'.;' 

' ■ : . 3. . E'.A*F« .service* ' , ' 

(ii) The R.A.F. airfield construction service consists of the following 

(i) Airfield construction wing (field force 
airfield constraction in forward areas. 
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'■ (:il) Airfield construction wing (overseas basis) — ^for heavy 
airfield construction in L. of C. and base areas. 

. .(ill) Quarrying.fliglits,. , ■ 

11 v) \\bll boring flights., 

(y) IMechanical and electrical construction flights— -tO' under- 
take mechanical and electrical work in connection with 
new airfields, 

(vi) Mechanical and electrical flights — for maintenance of 

mechanical and electrical services on airfields. 

(vii) R. A. F, plant depot. 

Airfield construction whig (field force basis), — Pl wing consists 
of 2 airfield construction squadrons, each consisting of 
6 airfield construction flights, 1 field plant flight and 1 M.T. 
section. Total complement 44 officers and 1,252 O.Rs. The 
component units of the wing are : — 




fi) 

(h) 


ad- 


V' 


Wing headquarters,— \2 officers and 36 O.Rs. for 
ministration and technical control of squadrons. 

Airfield construction squadron headquarters , — 12 officers 
and 69 O.Rs. Officers include:— 

Adjutant 1 Equipment ... 1 

Civil engineers 9 Medical ... ... 1 

(iii) 6 airfield construction flights,— 'Ed.oh 58 O.Rs. including 

11 foremen, carpenters, bricklayers, plumbers, con- ’ 

cretors and drainlayers. 

(iv) Field plant flight , — This field unit comprises 3 officers" 

and 112 O.Rs., including ,, ^ 

Plant engineers (officers) 2 M.T. officer ... 1 ^ 

Plant operators ... 46 Fitters and ^ 

Drivers (M.T.) ... 29 mechanics ... 15 

Other tradesmen ... 6 
The plant held includes :~ 


Dumpers, 2 cu. yd. 

Power-graders 

Excavators, f cu. yd., lorry- 
mounted with face shovel, 
dragline and crane attach- 
ments 

Excavators, f cu. yd., with 
face shovel, drag shovel, 
dragline, and skimmer at- 
tachments 

Tractors, crawler, Class II, 
with angledozer, P.C.U, or 

winch 

Tractors, crawler. Class III, 

■ with angledozer, P.C.U. or 
winch 

tractors, cmwler. Class lY, 
■with angfedozer, P.C.U. or 
%vinch 

Scrapers, cu. yd 

* Scrapers, 6 cu. yd. 

Scrapers, 9 cu. yd 


6 Mixers, rotary pulverizers, 

2 petrol-operated ... ... 1 

Ploughs, trenching 1 

Rollers, 8- 10-ton 3 

Rollers, 2|-ton 1 

j Rollers, 5-6-ton 1 

Rollers, sheepsfoot, 2 drum ... 2 

Rollers, pneumatic tyred ... 1 

Pumps 6 

Mixers, concrete, 10/7 ... 2 

“ Compressors, air, 105 c.f.m, ... 1 

Rooters, H.3 I 

Ploughs, agricultural 2 

1 Harrows, disc 2 

Harrows, spike-tooth 2 

Rollers, agricultural 1 

4 Mole-drainers’ I 

Cutters, grass 2 

Saws, chain, portable, petrol- 

operated . ... 1 

. Sprayers, •; bitumen/water, 

pressure,; 1, 250-gaL ... I 

tognetSi^mqbile, for D.4 
tractprrciass rv 
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(vj M,I. sectmii,—A fjfficer and 79- O.Rs. ■ iiicltiding drivers 
M.T,, fitters, mechanics arid other ■ tradesmen and 
administrative personnel.;' 


Transport held by.. each squadron :indndes 


Cycles, motor ... 

... 16 

Tractors, 26/25-ton, with 


Cranes, sal%mge, heavy 

... I 

trailer ■ ' 

10 

Tenders, S-ton 

3-0 

Tenders, . welding 

. 1, 

Tenders, road sweeping 

.... 1 

Tenders, po%ver, 7 K\T. .... 

I 

Tenders, tipping 

... 39 

Tenders, . workshop 

1 

Tenders, water, 350-gaL 

... 4 

■'Vans, 15-cwt. ... . ... 

2 

Tenders, petrol, l/)00-gal. 

2 

Trailers, .flat, S-'wheeled ' ■ ... 

i 


(c) Airfield •constviiciion wing {overseas The wing consists 

of 3 airfield construction squadrons, and 1 plant squadron. 
Total personnel 58 officers and 2,368 O.Rs. The components 
.of the wing are : — 

(i) headquarters,— 1% officers and 62 O.Rs. f<jr ad- 
ministrative and technical coiit.rol rif the squadrons. 

Officers include : — - . 

Administrative ... 7 .Surveyor ..... . I 

Accoiiiitant 1 -R. A. F.. regiment ■... ,1 

Civil engineers .... 4 Medic.al ... ... 2 

(ii) . Aiffiiekl construction squadron, — 10 offi.ce.rs and 5,63 O.Rs* 

and co,nsisting of : — 

Headquarters. — 10 officers and -53 O.Rs., the officers 
including admnistrative 2, c.ml engineers 8. 

. 7 uirfiieM comiruciion flights. — ^Each .flight 58 O.Rs. • 
including 11 foremen,- carf^nters, ■ bricklayers, 
plumbers,' concretors and draiiilayers. 

2 artisan fights. —52 O.Rs. including 31 foremen, 
carpenters, bricklayers, concretors, draiiilayers, 
electricians, steel erectors, plumbers, and black- 
sm,iths. 

(iii) Plant squadron.— 12 officers and 617 O.Rs, consisting 

of 

Headquarters. — 6 officers and 59 O.Rs. Officers 
include administrative 2, plant engineer 3 and 
medical 1. 

Plant flight.— 2 officers and 208 O.Rs. ^ induding 
plant operators 141, fitters and mechanics 12, 

Workshops flight.— 2 officers and 75 O.Rs. including 
fitters, mechanics, electricians, blacksmiths and 
welders, carpenters and administrative personnel, 

M.T. flight— 2 officers and 275 O.Rs. including 
drivers, M.T, fitters, mechanics, electricians, and 
administrative personnel 




The plant held by the plant squadron includes 

Dumpers, 2*cu., yd. , ,... 25 

Power-graders.,,.. ... 5 

Graders, blade ... 2 

Excavators, '|-cu. yd. with 
face shovel, drag shovel, 
dragline or skimmer scoop 
attachments 2 

Excavators., yd., .with 

face shovel, d:rag shovels, 
dragline,/' skimmer 'scoop, 
crane or grab attachments. . . 6 

Tractors, cra'wler. Class I, 

. with angledozer and P.C.U. 14 
Tractors, crawler, Class II, 
with angledozer and P.C.U. 2 
Tractors, crawler, Class III, 
with angledozer and P.C.U. 3 
Tractors, crawler. Class IV, 
with angledozer and P.C.U. 6 
Derricks, 50-ft, ... ... i 

Sprayers, bitumen/tar ... 3 

Diy'ing and mkcing units, 10 

cn. ft. 5 

Mixers, bitumen/tar, 10~cu. ft. 5 

Boilers, tar, 320-gaI 20 

Boilers, tar, oO-gal 3 

C'rushing and screening plant-— 

25 cu. yd./hr. 1 

10 tons per hour 1 

Granulators, 16 ins. x 9 ins. ... 

Conveyors, belt, portable ... 4 
Compressors, air, with acces- 
sories 7 


Drills, wagon-mounted, with 
accessories ... ... 

Rooters, K.30 ... . . . 

Power winches. Class I ... 
Power winches, Class IV 
Scrapers, 3|-cu. yd. ... 
Scrapers, 6-cu. yd. 

Scrapers, 9-cu. yd. 

Scrapers, 1 2-cu . yd . . . . 
Scrapers, motorized, 12-cu. 3 ^d. 

Hi-lift shovels, J-cu. yd. "... 

Ploughs, trenching 
Ditchers ... ... 

Rollers, 2 J- ton... ... 

Rollers, 8 to 10-toii ... ... 

Rollers, sheepsfoot, 2-drum ... 
Rollers, pneumatic-tyred 
Power rammens 
Pumps ... ... 

Ploughs, agricultural 

Han'ows, disc 
Harrows, spike-tooth ... 

Drills, seed 

Mole drainers 

Cutters, grass 

Generators, 18~22‘5 KW. 

Snow-ploughs 

Sprayers, bitumen/ water 
preSwSure 1,250-gal. 
Mixers/rotary pul verizers 
Cranes, tractor operated, 

40.000 lb, capacity ... 

Cranes, tractor operated, 

20.000 lb. capacity 


All transport required by the wing is 
squadron and includes 

J^eps 

Cars, passenger, utility 
Cranes, salvage, heavy 
Cycles, motor ... 
lenders, 3-ton 
Tenders, 30-cwt. 

Tenders, road sweeping 
Tenders, tipping 


Tenders, petrol, 1,000-gal. ... 

Tenders, water, 350-gaI. 
Tenders, welder 
Tenders, workshop 

Tractors, 20/25-ton, with heav^’' 
trailer' 

Vans, 15-cwt. ... 

Trailers, flat, 8-^vheeIed 


^ 7 .^. 



'{d} Quarrying /flight, attached ''to aMeld constractifiE 
wings. Total personnel of 2 officers and 172 O.Rs. wMch 
includes qmrr>7neiiT plant ■ operators; litters, mechanics, 
drivers M.T, ' and other tradesmen .and administrative 
personnel. .The following plant is held bythe; unit 


Excavators, |-cu.yd.., with 
, face shovel, dragline, skim.- 
m.er scoop and grab attach- 
ments ... ... ... 2 

Tracto,rs, crawler. Class I,, with 
angledozer and P.C.U. ... 1 
.'Tractors, crawier, Class iV, 

' with , .angiedozer and P.C.'O... 2 
Crashing plant, 25 to,ris per 
: hour ... ... ... 2 

Crushing plant., 10, tons per 
.hour ... ... " . . . . I 

Wagon-drills with accessories 2 


■Shot-j&ring equipment . . . 4 
Granulators ... .... ... 2 

Portable belt conveyors ... '4 

Airhoists .... 2 

Air' ■ compressors, with acce,s- 
■ sories ... ... ' ... 4 

Rooters, ■ K.30 ... . . . ; ... 1 

Tipping wagom, double-sided 
2cu. yd. ... ... ... 32 

Light railway track with ' ac- 
•cessories ... ! mile' 

Diesel locomotives, 33/40 h.p. 2 
Blast hole drill with accessories 2 


Transport held by a quarrying dight .isi— 


Jeeps ■ ... ... .... 1 

Tenders, 3-ton ' ... ... 3 

Tenders, wAter, 350-gal. ... 1 

Tenders, tipping ... ... 8 


Tenders, . petrol, ^ 1 ,000-gal . . . . ' 1 

'Tractors, 20/ 25-ton , with heavy 
'trailers ... ... ... 4 

Tender, power, 7 K.W. ... 1 


(<?) Well bonngJUgkts , — Well boring - flights, attached to airfield 
, construction wings, have a complement of 1 officer and 
32 O.Rs. which includes drillers, blacksmiths and welders. 


fitters and mechanics and 

Plant held 'by the unit : 
Pumps, well ... ... ... 4 

Bo-ring rigs ' . ... ' v... ,2 

Boring tools and equipment 

■ 2 sets - 

Pumpheads ■ ... 4 

Rising main, 4| ins. and 6 ins. 
dia 1,600 ft. 

Unit transport consists 

Jeeps 1 

Tenders, 3-ton 2 

Tractors, 10-ton, with trailers 2 


administrative- personnel. 


Pump barrels, 36 ins.x Sf ins, 

■t>r 3| ins. ... ■ ...: - - 8 

Well ■ casing, 6 ins.; 8 ins.,' -• 
10 ins. and 12 ins. ... 6,500 ft. 
Well casing couplings, 6 ins., 

8 ins. and 10 ins. . . . GiX) ft. 


of 

Tender, welder 1 

' Tender, water, 350-gaL ... 1 

Van, 15-cwt. ..... 1 


{/) Mechanical and electrical construction flights , — ^Mechanical gt- nd 
electrical construction flight, normally attached to an air- 
field construction wing, comprises 2 officers and 40 O.R^. 
including electricians and specialist fitters, drivers M.T, and 
other tradesmen and administrative personnel. 

■ ■ ■- ■ • • . ■ 

(g) Mechanical and eiectricai flights . — Mechanical and electrical 
flights normally have a strength of 55 O.Rs, and consist of 
specialist tradesmen, i.e., electricians, fitters stationary 
engine, mechanics stationary engine and administrative 
personnel. 
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[ii} ii.A,p. plant aepoL—im. ss.,K,x^, plant depot is tiie main 
holding and issuing depot for all plant and special technicai 
equipment held by units of the airfield construction service. 

.. , . Ill addition to this function it also holds a range of heavy 
plant, which can be issued 'for particular operational purposes. 

. Plant includes.:— 

Concrete pavers (34 ■ cu.ft. . Bucket loaders (3 cu. yd. /min.). 

capacity). Mixing plant, macadam/soiJ, ag- 

CoEcrete spreaders, 20 ft. wide, gregate (25 or 40 .tons per. hour). 

Concrete finishers, 20 ft. wide..' Batching plants. ■ 

Macadam finishers and spreaders Light railway equipment. ■ ' 

(100 tons per hour). 


4. Royal Marine engineer .imits.— Royal, Marine engineer units 
include M.K.A.F. (mobile naval air field) companies. 

Strength of company — 10 officers and 375 O.Rs., divided 

Officers Other Ranks 

Administrative ... . ■ ... . ... ... , 2 ' .58 

Techical 

H.Q. ... ... ... ... ... 2 18 

2 Platoons (Constructional) each ... 1 56 

2 Platoons (Artisan) each ... ... 4 56 

1 Mechanical Section ... ... ... 2 75 

The mechanical section is divided into (1) plant, (2) transport and 
(3; workshop sub-sections. 
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APPENDIX II 


AIRCRAFT CHARACTERISTICS 

1. Detailed dimensions, weight and other characteristics of iiidivid'iial 
aircraft types do not normally influence design of airfields, which axe 
broadly classified into five main groups :— 

(a) Emergency operational — below normal standard. 

(d) . Fighter and light bo:m.ber' — developed to full standards. 

(c) Medium and heavy bombers. . 

{^) Transport. 

(e) Training (in non-operatioiial areas). . ' 

Within each aircraft group provision is generally made for the most 
exacting type. 


2. It often happens, however, that an existing airfield is needed to 
serve aircraft of a type not originally intended. The question of 
adaptability or extensions may then arise. 

(a) Weight of aircraft and tyre pressures influence surfacing' and 
base course specifications. 


(b) Landing speed brings under review, the length of runway and 
conspic'iiousness o:f, markers. 

» . (c) .Length .and wheel span a:f!ects design of taxitrack and dispersal 

lanes and hard standings. 

..(VI) Wheel base dimensions affect iayo'ut of ' hardstandings .and of 
curves nn taxi tracks. 


(e) ' .Height of aircraft concerns hangar and pen accommodation. ■ 

(/) ■ Wing span affects hangar and pen ■ accommodation and the 
width of the zone to be cleared on each side of taxitracks and 
■ 'lan.d.'ing .strips, 

(g) Petrol storage capacities are related to the fuel consumption of 
individual aircraft. 


3. Range of aircraft has a direct bearing upon location of sites in 
relation to probable targets or zones of defence. Long range will some- 
times allow choice of sites to be more elastic, and a rear location to be 
acceptable on account of soil characteristics favouring rapid con- 

...struction,"':..:. ■ . ■ ■ 


4. Aircraft without filters may have engine lives reduced to 100 hours 
or less by dust abrasion under certain conditions of soil and climate. 
Measures for alleviation, especially at rewing-up points, become 
urgent. 

5. Single engine fighters are badly adapted to long taxi-ing distances. 

They rapidly overheat. , ^ ^ 

6. Different angles of climb, materially affect approach zone require- 
ments, but this factor is esseffM^Iy a direct air force responsibility. 

Essential fi|ur^ are ^veii ib'elow- for a typical selection of British 
and American aircmft. 


j. 
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Wheel base 

A few t^i:)icai wheel base dimensions are 

■ ■ ft in, . , , A 

Hurricane II ... ... 19 5 Dakota D.C. 3 ... ... 38 0 

Spitfire ... ... 21 3 Lightning (tricycle) ... 13 6 

Baltimore ■ ... ■ ... ■ 30 . 9 . Marauder (tricjxle) ^ 

Wellington 33 0 Mitchell (tricycle) ... 16 4 

Halifax... ' ... 43 4 Liberator (tricycle) .... 16, .0 

Nornaai ran^© aircraft, without long-range tanks : 

Single engine fighters ... ••• 

' T^via engine 'fighters ■ 800-1,450 miles 

;-■ Twin engine light bombers ... ■ ... ... 950-1, ,500. miles 

■ : ^ Twin engine, medium bombers , ... ... 1,600. miles, 

' Four-engine heavy bombers ... ... 1,800-2,800 miles 

Fuel consumption, governing scales of petrol storage, is roughly .five, 
miles to the gallon for single engine fighter, 3 m.p.g. for twin-engine 
fighters, 2 m.p.g. for twin-engine medium bombers, and 1 m.p.g. for 
heavy bombe.rs. 


... 19 

5 

Dakota D.C. 3 ... 

... ... 21 

3 

Lightning (tricycle) . . . 

... ... 30 

9 

Marauder (tricycle) ... 

33 

0 

Mitchell (tricycle) , ... 

43 

4 

Liberator (tricycle) ... 
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■ ' APPENDIX III ■■ 

AERONA.UTIGAL NOTES : ■ 

Selectloii'of ; airfields from, air force standpoint 

,1. .The layout of airiieids has J:>een ooiisiderably . atiected bv the 
advance in aircraft design and increasing aircraft weight. ^ The 
inanosuvrability in tlie air affects approaches and circuits, while on 
the; ground it affects gradients and radius. of turns.. Increased weight 
necessitates strengthened tracks and -hards tandlngs to prevent aircraft 
■sinking into the ground. Nature of soil is important and gcxjd drainage 
is essential.' Operational efficiency requires .quick access to take-off 
, , points, quick clearing of the runways, after 'landing and quick refuelling 
arrangements. 

\ 2. A considerable area of ground, 'apart from ■ the ■ landing strips, 

is required. A site that gives, perhaps, good landing strips along narrow 
ridges but has no area for taxi-ing and dispersal is therefore useless. 
There is great variation in the absolute minimum requirements necessary 
for types, varying in flying capabilities and weight. 

3. The following notes bring out some of the major points necessary 
for operational efficiency and safety. They should always be kept in 
mind as an ideal to be aimed at, though military considerations in the 

# held will in many cases necessitate a considerable modification. If, 
however, the modihcations are too drastic, the crash rate will become 
too high to be acceptable. To effect the best compromise requires 
accurate and skilled judgment. 

The flying aspect 

4. An understanding of the pilot’s difficulties will greatly assist in 
the selection of a suitable airfield site. There is a vast difference 
between an untired pilot landing directly into wind on a clear day, 
and a pilot returning tired from operations in fog or at night, making 
a cross-wind landing on a narrow strip. Fatigue is apt to affect the 
pilot’s judgment and so effort must be made to make the process 
of landing as easy as possible for him. Bad visibility may be due to low^ 
cloud, haze, ground mist, snow, heavy rain or darkness. On the ground 
visibility may appear reasonable if one can distinguish a tree at, say, 
200 yards ; but for an aircraft to cover that distance would mean 
only three seconds for the pilot flying at a normal speed of circling 
( 1 50 m.p.h. ) . Wireless aids may be used but they require better approach 
conditions than for ordinary landings. 

5. When an aircraft is approaching an airfield, the pilot first makes 
a left-hand circuit at a height of about 1,000 to 1,500 feet. The left- 
hand circuit is standard for ail t3rpes because in the heavy types the 
pilot’s seat is rather on the portside and he cannot get a good view to 
starboard. The height of circuit is governed by the height^of the icloud 
base and also, perhaps, by the proximity of other airfields when circuit 
heights are pre-armnged to avoid ' collision between aircraft circling 

^ different airfields. * The height of circuit in good visibility is nomiaily 
about 1,500 feet, but in bad visibility It may be just above ground 
level. The presence of hills and high obstruction, such as chimneys, 
church towers and W.T. masts is an important matter. 
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On the ground 

10'. A pilot must get clear of a runway as soon as possible. Left-hand 
circuits OH' the ground the rule, both for one-way traffic 

reasons, and also so that the behind the leader knows which way 


6 The radius of circuit depends on the type of aircraft. It may be 

as little as t.vo miles in the case of a fighter, or as much as five miles 
or more for a heavj^ bomber, such as a Liberator. Hills m the vicimty 
should be avoided, as an aircraft coming down through cloud may not 
knov- just where it can “ break cloud ” and it might fly into a hillside 
on the way down, particularly, as sometimes happens, if the radio 
oear is shot awav. The pilot asks by radio for permission to land ; 
normally an aircraft no more comes in to land without permission than 
does a train come into a station. 


7. On receiving permission, the pilot gets into position in the 

approach funnel at the leeward end of the landing stop. He must 
land into wind to have as low a ground speed as possible. To explam 
this ■ The pilot approaches at about 115-150 m.p.h. to allow a margin 
for fill] control of his aircraft, though he- actually touches down_ accord- 
in'* to the tvpe of aircraft at between 80-140 m.p.h. The air speed 
is the speed'of the aircraft through the air, and the ground speed is 
that over the ground ; so that if a pilot is landing at 80 ^ 

20 m.p.h. wind, he touches down at 80—20=60 m.p.h., while if he lands 
down- wind he touches down at 80 -{-’20 =100 m.p.h. An aircraft 
running along the ground at excessive speed is apt to become more 
unmanageable than a car in similar circumstances. For this reason, 
a r>ilot must land as nearlv into wind as possible, as well as for the 
remson of avoiding collision with aircraft landing in the opposite 
direction. 


8. Having got into position in the landing funnel the pilot partially 
throttles back the motors, lowers the wheels and daps and rumbles 
in at a flat approach angle. If the landing runway is short, he en- 
deavours to touch down at the beginning of it. Any obstacles to a 
flat approach make him land further along the runway and so lose the 
benefit of the full length. If the landing is across wind, the aircraft 
tends to swing to one side or the other, dependent on a number of 
fact(jrs. If the runw^ay has a cross slope on it, most aircraft tend to 
swing downiiiil. There is but little difference in the technique of landing 
a tricycle undercarriage aircraft. The surface of the ground must be 
as level as possible to lessen bumps, and thus reduce maintenance of 
undercarriages. Aircraft brakes on the ground are effective for a short 
time, but brake pressure soon goes. In any case, heavy braking is hard 
on the airfield surface. 


Sr 


9. The trend of modern aircraft designj especially with aircraft 
of the taper-wing t 3 ?pe, in certain cases has altered lanffing technique, 
and has created the practice of fl 5 mig in rather than gliding-in, of wheel 
landings at higher speed rather than three-point landings at slow speed, 
and throttle landings rather than “ stick landings.” This practice 
ensures the effective control of the aircraft and eliminates the possibility 
of turbulence or eddies arising near the surface from upsetting its 
equilibrium until its weight is adequately supported by the ground. 
This practice necessitates a lower approach angle and a longer distance 
of approach than would otherwise be necessary with the practice of 
” three-point landings.” 
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the. leading aircraft is. going to turn; after landing. This is verj^ im- 
portant in the case of a fast landing, %¥hen a succeeding pilot might have 
to take,, off again. 

.' 11. Taxi-tracks are difficult for a. pilot to 'see in the dark and so 
. . should be as straight .as possible, othe.rwise at a, turn a wheel may get 
bogged on the side of a track and all traffic held up. It is realized that 
straight tracks are bad from a camou.fiage point of view, but this has to 
.be accepted. Turns when, taxi-ing mean braking and that uses up 
brake pressure. An aircraft may well use up all its brake pressure in 
taxi-ing halfway round a perimeter track with many turns in it, after i 

which the brakes become useless. , The .radius of turn is important, 
both from the brake pressure point of view and the wear and tear 
, .on the track. Quick turns mean Iocki.ng one wheel, which increases 
■ loads on the ground and often breaks up even tarmac or concrete sur- , j 

faces. Straight lengths of tax.i-track with a few sharp turns are prefer- | 

able to long continuous, if easy, curves which necessitate constant 
'braking. , ■ 

.12. Hardstandings shou'ld not, be in a straight line, otherwise hostile 
aircraft can fly along the line shooting up all aircraft at one time. . 

13. The pilot on landing must report at once to the Report Centre,; ■ , , ,■ : 

the aircraft must be checked over and refuelled. The task of getting [ 

petrol to hardstandings must be provided for. If lorries use the * 

^ track, the latter will become unusable for aircraft. The pilot cannot t 

leave his aircraft at a special refuelling ]x>int while he reports, as that 
prevents an even flow of traffic. j 


( ' 
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appendix IV 

LABORATORY SOIL TESTS 


Moisture content determination , ■ 

..Moisture contents of natural and compacted sub-grade, coriipacted^ 
.fill and base-course material should be deteniiined for the puij)ose,;Gt 
design, and for control of compaction during construction.^ Moisture 
content determination is also required for the^ California beaeng, 
ratio, expansion, density, compaction, liquid limit and plastic iimit 
tests. , 

Moisture content is expressed in percentage of dry weight of the 
soil, obtained by placing a relative specimen of the wet soil, in a memi 
container and thoroiighty drying the spec,imen in an oven. If the 
soil is free from organic and other combustible matter, the sainple 
mav be dried over a fire. The wet weight of the , specimen before, 
heating, and the dry weight having been determined, the moisture 
content may be computed from the following formula : 

Ww-Wd 

P ™ 100 per cent. 

, '* , Wd 

where P = Moisture content as a percentage of dry weight. 

\Vw = Weight of wet sample. 

\Vd == Weight of dry sample. 


Liquid limit — LL test 

Liquid limit is the moisture content expressed as a percentage by 
weight of oven-dry soil, at which a remoulded soil will begin to flow 
when jarred slightly. Liquid limit in conjunction with plastic limit 
is of great value in proper identification and classification of fine-graded 
soils in a remoulded state. , 

The equipment used consists of a mechanism for producing uniform 
- ' ' * The test should be carried out using a 

the No. 40 American 


blows on the bottom of a dish 
representative sample of the fraction of soil passing 
sieve. 50~-80 grammes of the sample are thoroughly mixed with water 
to form a heavy paste and placed in a dish. The soil is grooved with a 
special tool, which is drawn through the soil specimen along the diameter 
of the cup passing through the centre of the hinge. 

In cutting, the groove of the tool should be perpendicular to the sur- 
face of the dish. Shoulders of the tool should remove soil for a length 
of about 1| inches when the dish is properly filled. In clay soils, one 
stroke of the tool will normally make a clean groove. In silty soils, 
several strokes of the tool, or a spatula, using the tool to check the 
dimensions, may be necessary. 

After the soil is placed in the dish and the groove properly formed 
the crank of the liquid limit mechanism is turned approximately two 
revolutions per second. -The number of shocks required to close the 
bottom of th^ groove for a distance of J inch is determined. Part of 
the specimen is placed in a metal container and the moisture content 
determined as already described. The above procedure is repeated at 
various moisture contents and a graph plotted showing the relation 
between moisture content and the number of shocks required. The 
water content corresponding 25 shocks, obtained from the graph 
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: , : Flastic Mm!t“PL^;te^ 

Plastic limit is tlie lowest moisture couteut. expressed as a percentage 
of the dry %¥eigh.t at wliicli soil can be rolled into threads of f inch 
diameter without crumbling. .Plastic limit is the moisture content at 
.which, cohesive: soils pass from a semi-solid to the plastic state. Tims. 

' ' if natural moisture content of soil is ■ less ' than the plastic limit, the 
sol! possesses relative,ly high stability. ' 

- The test is performed on a repmsentative sample of the soil fraction 
passing the ,No. 40 American sieve.. A sample of .the soil is mixed 
thoroughly with water to form a plastic mass at a moisture content 
somewhat .above the plastic limit, A specimen about |-iiich cube is 
removed from the plastic sample and ro,lIed on a flat non-absorbent 
surface' with the palm of the hand, forming a ro',lI about | inch diameter. 
If crumbling does not occur at that moisture content, fold, knead, and 
re-roii as before. Repeat this process until the water content is reduced 
. to the 'plastic limit, which is reached' 'when crumbling occurs as soil is 
rolled, out to a diameter of about | inch. M.oisture content of tlie sample 
is determined. ■ . 

Some soils cannot be rolled into threads at any moisture content, 
and consequently do not have a plastic limit. Test results are then 
reported as non-plastic (N.P,). 

.Plasticity index (P.I.) 

This index is the diflerence between liquid limit and plastic limit. 
It is detennined by taking the numerical difference between the two 
values : for example, if the liquid and plastic limits of a soil are 28 
" and 24 respectively, the plasticity index is 4. 

A cohesive soil with a low plasticity index has better stability than 
one with a high value. Non-plastic soils are considered to have a 
plasticity index of zero. 

(The above notes have been extracted from the American hfanual 

Aviation Engineers/' TM5-255.) 






appendix V 

LABORATORY COMPACTION AND OPTIMUM 
MOISTURE TEST 

idiire adopted 
are extracted 


The loilowing notes describing tiie moamea i 

by- the American Association, of State Highways 

from the American Manual ^‘Aviation Engineers/’ TM5-2do, 

The density to which a soil may be compacted with a given compac- 
tion effort depends upon. the moisture co.ntent. Moisture content at, 
which the greatest density is obtained with a given compaction effort 
is termed optimum moisture. Optimum moisture is not a constant for 
a given soil, but is variable, depending upon the amount of compaction 
erfort. It decreases with an increase of compaction effort, and in general 
is such that the air content of the soil (unfilled voids) is from 2-8 per 
cent, by volume, depending upon the characteristics of the soil. 

fn rumvav pavement construction it is desirable tocfimpact sub-grade 
lili, upjx^r zones of sub-grade cuts, except in clay soils, and base course 
materials, to as great a density as is practicable in order to obtain 
greatest stability and prevent detrimental settlements. It has been 
found that the maximum density which can be obtained in actual 
construction, using ordinary heavy compaction equipment, is duplicated 
close! V in the laboratoiv^ by the ^lodified A.A.S.H.O. test procedure. 

Special equipment required to make the test consists of a Proctor 
cylinder, and a metal tamper with a striking face 2 inches in diameter 
weighing 10 lb. The Proctor compaction cylinder is a metal cylinder, 
having an internal diameter of 4 inches and a height of 4*59 inches. 
Its volume is 1/30 of a cubic foot. The cylinder has a removable base 
plate, and a removable extension of the cylinder of the same internal 
diameter and approximately 2^ inches in height. 

Test procedure is as follows : — 

1. Air-dry a sample weighing approximately 6 lb. and remove all 
material not passing the J-inch sieve. 

2. Determine and record tare weight to 0-05 lb, of the Proctor 
cylinder with attached baseplate but without the extension. 

3. Thoroughly mix the sample with a sufficient quantity of water to 
obtain a damp mixture, taking care not to add too much water. 

4. With the extension attached, fill the Proctor cylinder in five 
layers, compacting each layer to approximately 1 inch thickness by 
dropping the tamper 25 times. The height of drop should be 18 inches 
above the soil and blows should be distributed over the soil layer surface. 
When using this compaction equipment for density and control tests 
for soil cement construction the height of fall of the tamper should be 
restricted to 6-5 inches to get good results, 

5. Carefully remove the extension piece and level off the top of the 
soil with a straight edge. 

6. Determirie the unit w-et weight (Uw) of the compacted soil in 
Ib./cubic feet. 

7. Remove the soil from the cylinder, extract from the centre a 
sample weighing about 100 grams and determine its moisture content 
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8. Compute the unit drr weight (IJd) of the compacted soil using 

the data above. , 


Ud 


100. Uw 

Icm)Tp.' 


Ib./ci3. ft... 


'..9. .Thorouglily, reiiiix the remainder o.f the sample, , acid.iiig siifficienc 
•water to ,iiicre.a.se the water .content from' 1^2 per..ceii,t. and 'repeat the 
p,rocess already 'described. 

10. .Repeat the procedure oiitil points beyond the ■maximum density 

h.ave been obtained . . " 

1 1 , From ..the density thus obtained prepare a ■c-ur\'e showing the 
relation between in.oisture content and 'unit ■weights, drv and wet 
(unit weight as ordinate). The peak of the '.curve defines the optimum 
moisture a'.nd. maximum density '{nia.x; i'd) that should be used for 
compaction control during construction. ■ 

If the soil is uniform fine-sand, difficultie.s may 'te encountered when 
using the above procedure. Soil must contain sufficient binder, or be 
sufficiently well graded, to .prevent upheaval during the ■uscj of the 
tamper.. Otherwise initial stability should be produced, by lighter blows 
before the standard blows are applied. 

Only material passing the. fpinch sieve is used in the test, and in 
consequence optimum moisture and dry weight obtained from the 
test are not representative of the totaf material if it contains any 
considerable amount of gra\'ei particles. For control during construc- 
tion it is necessary to determine unit weight and moisture-content 
only of material passing -J-inch sieve. Stones greater than inch should 
be removed from specimens, used for moisture-content determinations. 
Unit weight can be determined by adjusting the unit weight of the 
total sample according to percentage by weight and volume of particles 
greater than J inch diameter in the soil. For predominantly gravelly 
soils this correction is not reliably accurate. 
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appendix VI 

CALIFORNIA BEARING lUTIO AND EXPANSION 

■ TEST 


D.v*ped by .b. 

to determine *e bearing charMtenstics ot so_ ^ ^ 

Bearing ratio, is the load intensity f.^Zti ir?saLVinchesTinto 
tration of a piston 1-954 inches m diameter In nnsrthe same piston 
a soil divided by the load ^crushed stone.^ The 

0-1 inch into a standard sample of test. Bearing 

samples usually are^ °For des^ning thickness of various 

ratio is expressed as a percentage. _ Jo+aSyiiripd for all sub-grade 
base couties, bearing ratio should te “ a density 

soils and base-course matenals. Soils shoir moisture con- 

comparable to “XfTuSm^^ not accumulate 

equipment consists of a metal ‘=y;i“‘i«^JJ“Sevi£r£ci 
buckets in which the soO sample is saturated , a load g 
the piston into the soil, and attachments. , came degree 

The test is carried out on samples 
as the material used in construction. T e - ? rtf material retained 

materials intended for use, except that any f ^^Sd bTan 

on the l-inch sieve are removed from the sample and rep ed by n . 
equal proportion of material passmg the J inch, but retamea on tne 
Z l Am^can sieve. Tests on blended ™"tgat Tnd 

specimens containing the same percentage °f 

binder material as those specified. Gompactiom tests 

numbers of blows are conducted to dete^ne_ the optimum mmstu 
content and the number of blows required, _ and 

The sample is brought to optimum moisture per 

in a cylindrical mould 6 inches in diameter, under a lo^ of 2 000 Ib^^^^ 

square inch. A duplicate specimen prepared m the same way m so^ed 
in water for four days brfore testing. Samples, when compacted, 

should be 5 inches high and 6 inches diameter. cnnare 

A piston 1-954 inches diameter, having a beanng area ^ square 
inches is seated rvith an initial 10-lb. load on 
represents zero load when detenmmng stress strain relations. P 
is applied to the piston so that the rate of penetration is O-Oo inch per 
minute. Load riadings at 0-025; 0-05 ; 0;075 ; 0-1 ; and then m 
increments of 0-1 to a penetration of 0-5 inch, are taken. 

The loads of each increment of ^netotion of ttot 

expressed in percentages of the standard loads (called beann^ ratio) 

shoTO in the following table : — 


Standard loads for crushed stone 



eliminate tlie , effect of surface ■ irregularities. Tiie %’al iie of r , B , H . 
per cent, is computed by using the. following table 

, C.B.R.= !00— |m per cent.). 

■ x-*C 

\vhere G.B.R,= Value of C.B.E.J.ii'per cent. 

Lt=Test load in, '/pounds to: produce 0*01 inches 
penetration (from,' adjusted cur\*e). 

Lc=¥alue from table above of sta.ridard load in pounds 
at 0*0 r inch penetration. 

The expansion test is .made during the soaking period. The sample 
after being compacted is confined within the mould by a porous disc, 
and a 10-lb. weight, representing the surcharge effect upon the sub- 
grade of 4-5 inches thickness of pave'ment. After the sample has 
soaked for four daj^s the swell is recorded. The expansion of the sample 
diiriiig the test is reported as a percentage of. the volume of the com- 
pacted sam,ple before soa.ki,ng. 

■ ' (The above notes have been extracted -from the American Manual 
“ Aviation Engineers TM5-255.) 
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APPENDIX VIII 


r 


, c.mmLA:TmG THE capacity of ' 

,, DRAIHAGE'- SYSTEMS FOR AIRFIELDS ■ , 

The following notes are extracted, from report^- tif the Road ReseapTii 
Laborator\^ Harmondsworth, andTthe Am* Titan Manual Aviatirm 
Engineers,” TM5-255. 

The channels of any drainage system slicaild'be'.'of' a.i:le<|uate capacity 
without imeconomical results of over designing. In- the British Isles 
empirical methods based on previous experience have been used lor 
computing the capacities of drainage svtstems. The mcMierii practice 
is to adopt methods of design based on rational principles, which can be 
imiversally applied to drainage areas of all kinds. 

Computation of storm drainage capacity maj’ be divided firstly into 
the calculation of maximum rate of how at various points in the system, 
and secondly, the determination of the si/.e of drain required to carr\' 
this rate of flow. The run-olf of surface water is crjntrolied by the 
dimenshms and characteristics of the watershed, the maximum rainfall 
intensity on which the design is to l)e based, and the time concentration 
for the watershed, being the time taken Cor the water to travel frcmi 
the most distant part cd the area to reach the drain entrancx*. 

Surface riin-off niay be estimated by the .formula : — ■■ 

■ Q':.=:A,LR. .. 

where Q ~ rate of run-off i n cu . ft. /sec . 

' A == area of watershed in acres. ■ ■ 

’ I = percentage imperviousness of \vatershed. 

R = maximum average rainfall intensity during the time of 
concentration inches /hour. 

The value of I may be detennined from. the following table : — ; : 

' Type of surface ' Percmiage of^mpervioiismss .■ 

Paved areas on airfields ■ S5-95 

Impervious soil with turf 40-70 

Impervious soil without tiurf 50-80 

Pervious soil with turf 10-30 

Pervious soil without turf 20-50 

French drains used to collect surface water.— The formula is ■ 


Q 


A.I.R. 


T+t 


Where Q.A .1. have the same values as previously. 

R=r:OEe hour rainfall in inches, having chosen frequency of 
occurrence. 

T— duration of rainfall in hours. 

t=time allowed for removal of the rainwater after the stonn. 

T is normally taken as I hour, and t as two hours. Sometimes 
allowance is made for surface slope, in which case the factor / is sub- 
stituted for (T-f t). Suggested values for / being ,, 

Average slopes of 0-05 per cent, or less 3 

Average slopes of 0*05— 1 per cent, ... »*. 2*5 

Average slopes of more than I per cent. .... - • 2 
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Mat© of suti-sorface.nui-ol^ using an iiidepend^iit iBain drain. 

q-az. 

where Q = discharge in cu, ft. /sec., ... 

A —area to be drained in acres. , 

■ Z—rate of sub-surface run-o€ in , cu-ft./sec., recommended 
■ values for Z' are 

Annual Pyscipit{iiion .Rate of sub-surface run-off . ^ ■ 

(inches) : ,cuJLIsec.lacre 

30 or less ■ ^ 

gf i J Q . , 0-0147 

40^50 0-0210 

50 or more ■■ ' 0-0315 

The following formula may be u^d for estimating the capacity of 
pipes and open channels. ■ ■ ■ 


Pipes and open channels 

where Q=quantity of water drain will carry in cu. 
A = cross-sectional area of drain in sq. ft. 
r=ra,ean hydraulic radius of pipe in feet. 

S= hydraulic gradient in feet per foot of pipe 
n = co-efficient of roughness : — 

= for concrete pipes 0 *01 5, 
for earth channels 0 * 025 . 
for sodded channels 0 * 030 . 
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normal way. iwo laymg ^ ° r«1m1ated 

half-wav from the unfinished end of the runway. It was caicuiatea 

that the mat would meet with no more than a 7i-mch gap or overlay. 

S i-SXk at each joint the possibility of makmg the mats 

join seemed feasible. 

When the two faces met at the middle of the runway, there was a ^ 

gap of 7 inches on one side of the runway, while * ® tnrhes out^ ' •' 
was negligible Along the sides the faces, were about 3 inches out of 
alignmenf This was^ corrected in one operation by a pull from a 
heaw tractor The 7-inch gap was closed in two operations, con- 
Sg Tone piron each faie, by tractor, in a direction parallel 
to the nmwav. The tractor was attached to the naat by means of a 
Luble chain through two of the holes in a section of 
the outer edge, and about 10 feet frorn the connecting edge of the 
face. Five men and a tractor made this connection in less than an. 

hour. Had the mat overlapped the ed^s of both faces ^ ^ 

raised while the last planks were inserted and clipped. The mat 
would then be pulled from a point 20 to 75 feet from the connection of 
the faces, and sufficiently contracted to take up the excess. 

Great care must Be exercised in making the starting lines parallel, 
and the face constantly checked with the startmg line If one ade 
runs ahead, straighten by pulling that side back tow^ds the f a^g 
point, rather than stretching the receding side. Thus &\l slack 
available is left in the runway for final adjustment of the joints. 
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Surface treatment to reduce the n 
niethocls ul maintaining stability 
critical demand upon o|>eratioiial airbe 
Inaction witii or water, to the con 
laving. The use of biturainked hessu 
portable math, «rves the dual purpc 
leterioration by rain. 

It is axiomatic that ail vegetable- 
should be maintained as intact as pos 
tracks. In dry windy weather, dusi 
activity outside areas used by aircraft. 

Periineter traffic control is also ess 
the incidence of dusts which affects so 
and engine life, 


Amount 

required 

1 ,150 rolls |Xir 
runway of 
I,(KK) y 5b 
vds. 


Results 


Method of application 


Material 


Excellent. 


Laid as a surface 
co'urse. 


Pre-fabricated 

bitiimiiiized 

hessian. 


CkK;»d TCHiilte. 
Used under 
prefabricated 
steel mats. 


Cx}tton “ Osnaburg ” 
cloth tacked down 
to surface with 4-in. 

wire staples. 

■Treated, -with ' cutback 
asphalt M-C. 2 at 
lSfU-175" F. 


Asphalt 

impregnated 

fabric 

(IT.S.A.). 


j Good dust pallia* 
' tivc under steel 
1 mat runways. 


Spread evenly over sur- 
face and anchored to 
soil by running over 
with disc harrows- , 


Straw reeds or 
other suitable 
fibrous 
material. 

cST* 1 Hea\y fuel oils with 

smalh wax content, 
3-5 applications. 
Light oi!s--dressings 
2-4 weeks — ^and after 
heavy rain. 

'Salt' and brine. Calcium and magnes- 
ium chloride flakes 
spread over surface. 


Good results m 
Middle East on 
loam and^ well 
graded ««1. 


Sarisfactory on 
suitable soils 
under favour^ 
able cllmatk* 
condition®. 

Barely Justified 
under operAr^' 
tionai coadl^ y 
tions. 

Very successful 
on fine clayey 
sand. 

Corrosive effect 
^n equipment. 

Satisf actoW t««ts 

i on sandy-blay 
I soils. 


2 gals.M. yd* 
3 dressings 
(minimum). 


Brine spraf^ a 
pulveri^d iurface 
and mmpin’Wi* 


>&£fed with Ib.M* yd. 

soil a L , 

ol , 

‘ wate.jir ■■ ;■ 

;• ' ■ mafe ... T..' 







For standings 
and aprons. 

Inexpensive and 
shonld with- 
stand propeller 


2-in. layier, well com- 

,j)acte4* 

2-inv layer, treated with 
wood lignin or liquid 


Material 

Method of application 

Amount 

required 

Results 

321 resin. 

Applied to stabilized 
soil surfaces. 

1 Ib./sq. yd. 

Satisfactory, 
Suitable onlv 
for add soils. 

Soditim rosinate 
with alumin- 
ium sulphate. 

j 

Solution 1 part sodium 
rosinate, 2 parts 
water sprayed over 
surface. 

2i Ib./sq. yd. 

i 

Surface improved 
though, doubt- 
ful' whether it 
would with- 
. stand heavy 
use after rain. 
Unsuitable .for 
soil of high 
clay or silt 
^ content. 

Sodium silicate. 

Sprayed over surface. 

■ ■ 

. ■ , ■ i 

0-25-0-7 gal./ 1 
sq. yd. 

Very poor results 
, , — ma terial 
.hardens when 
dehydration 
'takes place, but 
does not bond. 

After rain 
material flakes, 
and swells 


Live turf. 

Scarred or barren areas : 
may be covered with 
new growth. 

Quickly germinating 
seeds or sprigs of 
native grasses should 
be used where pos- 
sible. 


Suitable only;^ 
when soil and' 
climate are 
favourable. 

Cutback 

asphalt 

Evenly distributed and 
allowed to penetrate. 

0*6 gal. /sq. yd. 

Satisfactory in 
semi-arid and 
humid regions, 
with soils of 
suitable type. 

Emulsified 

bitumen. 

Mixture of 1 part emul- 
sion — 2 parts water 
sprayed on surface. 
4-5 applications. 

i gal./sq. yd. 

Forming a sur- 
face skin of 
asphalt, on 
which steel 
mats can be 
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APPENDIX XI 


METHODS OF CALCULATING PERFORMANCE OF 
MECHANICAL EOUIFMENT ' ' 


1. Bulldozer and Angiedozer.— Short haul excavation, stripfjiag* 
backfilling and building stock piles. 

Qxfx^xE ■ ■ 

^ — = cn. yds. per hour, ■ 

Cm. . , , 

Where Q = Bow! capacity. 

# Typical values of Q in loose measure are 
DS— ctt. yds. 

D7-— 3*38 cu. yds. - 
. D4~~2'3B cu. yds. . 

f=sa conversion factor from looser yards to excavated yards. 
The follo'wing values may be usoi 

Eock C)“05. Common earth 0*8. 

Wet bulky clay 0*7, . Sand 0*9, . 

Percentage efficiency, i.e,, estimated total work per hour 
having regard for operator's ability, condition of 
material, weather conditions/ etc. 

, Cm.« Cycle time in minutes calculated -as follows — ■ 

'* (a) Travel speed forward, based on average speed of 

i-5 m.p.h. ■ 

(5) Changing gear — approx,- 0*16 minutes., ■ 

(s) Travel speed backwards— usually 2*5 m.p.h.— 
D.7 has higher reverse speed of 5 m.p.h. 

(d) Changing gear preparatory to next cycle approx. 
0* IS mins. 

2, Scraper — -the standard lormula for tractom applies 

QxIxSOxE 

Cm 

Where Q « Scraper bowl capacity (loose yards). 

fM:Coiivemion factor to excavated or compacted yards. 

‘E« Percentage efficiency (estimated total work per hour). 

Cm «=i Cycle time in minutes. 

«* Total fixed plus total travel time. 

TOTAL FIXED TIME IN MINUTES 

j Scraper (ioc« capacity) 

y., . Task ■ *'p " 

, IScu, yds. 11 cm yds. 
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4. Slieepsfoot rollers, — Performance calculations are seldom re- 
quired for compaction work. Occasionally, when large fleets of 
scrapers are workmg it may be necessary to calculate the number of 
rollers required to compact the volume of material spread. 

ProduQtim formula 

• Loose cubic ■ . i. efiective loose 

"t ' r 2-5 m.p,h., . , in ft. ^ ft. 


of Modem Excavation and Eqr 


PIl 


■ 3 . Toernapail performance is .calculated from the standard formula 

: . Qxfx60xE • 
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'Where Q .^Scraper capacity (15 loose yds.).. 

. f==conversion factor as for tractors.;,,, , , , , 

E.—efiiciency . .(norm'^iy 75 per cent, under :ave.rage; condi- 
tions). , ■ ■ ■ ■ . ■ 

Cm=Fixed time plus Variable time. 


Fixed Time —Loading with pusher 
Spreading ... 

Turns at each end 

Gear change and acceleration 


1 ‘0 min. 
0*5 ,min. 
0*5 min. 
min. 


Total flxed time 


Variable time = Haul speeds affected by : — 

(а) rolling resistance (condition of road). 

(б) Grades (adverse and favourable). 

(c) Load (gross). 


When determining the travel cycle time it will be necessary to refer 
to the various speeds and pulling power (rimpull) of the Touraapull. 

1st Gear — 2-7 m.p.h. — 16,698 

2nd Gear— 4-6 m.p.h.™ 9,843 % 

3rd Gear — 8-5 m.p.h. — 5,295 

4th Gear — 14*9 m.p.h. — 3,008 

Additional power for loading is obtained by a “ pusher tractor. 


Pusher formula . — To determine the number of scrapers a pusher will 
serve, apply the following fonnula : — 

Complete cycle time of the scraper in minutes 


Cycle time of the “ pusher ” in minutes. 


Cycle time of pusher to load one unit is averaged at 1 %5 to 2 minutes, 
depending upon material, condition of surface, etc. 

It is not practical to operate more than about four scrapers to one 
pusher owing to the difficulty of keeping all of them properly .spaced. 
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Rainfall — Meteorological data 

Ganges 

pac:afv#sr rpdms 

survey 

airfield 

liiMds 
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Obstructions— ~Fl3dng... ••■ .. 

Oil — Dust alleviation 

Surface treatment , ■,.... 

Operational training nmt.(O..T.U4. ••■•■. 
Operations block — Bomber units ; ■ . . * 
Operations room ..... ' . . . ^ ; *. • • 

Optimum moisture — Test for soil ,. ... 
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Surface types 
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Storage 

Technical considerations 
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Maintenance 
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